INTRODUCT ION.

The newborn infant is actually a foetus suddenly removed
from complete dependence on the‘maternal organism in an aqueous
environment to a relatively independent status in aire
Successful transmission from intra to extra-uterine life is
dependent on the readjustment of a great number of functions to
be accomplished more or less urgently during and following
delivery. Amongst these adaptive processes the most dramatic
changes are those occurring in the circulatory and respiratory

"systemse The réadjustment processes occurring in these two
gsystems are intimately linked together and are interdependent,
At birth the inactive foetal lungs have to take over the
function of the placenta as an effective gas exchanger to
ascertain survival in the new environment,

Respiratory problems preseﬁt the major threats to survival
of the newborn infant (Drisecoll and Smith, 1962), They are
overwhelmingly the consequence of infant's failure to complete
successfully the respiratory and circulatory adaptation from
intra to extra-uterine life.

4 great deal of interest and research is centered during,
recent years on the acid-base and electrolyte homeostasis and
on its disturbances in the newborn infant. Duration of labour,
mode of delivery, drugs administered during labour,prematurity,
low birth weight and toxaemia of pregnancy are the additive
factors which may possibly disturd this mechanism in the newborn

infants,



The development of satisfactory ultramicro methods has
enabled the present research workers to carry out serial
determinations of biechemical variables on samples of capillary
blood obtained by a heel prick from the neonatal infants.

Several authors have reported the acid-base studies ranging
from birth to seven days in. the full=-term normal and premature
infants (Graham, Wilson, Tsao, Mary, Bauman and Brown, 1951;
Reardon, Bauman, and Haddad, 1960; Bucci, Scalamandre, Savignoni,
and Mendicini, 1965; Jurado-Garcia, Cobos, Napoles, Cazares,
Villalba, and Riversa, 19653 Malan, Evans, and Heese, 1965; Yu,
Payne, Ifekwunigwe, and Stevens, 1965; Rogner and Frenzel, 1966;
Severi, Belloni, Perinotto, and Bergamaschi, 1970; Ray, Ray,
Sarkar and Chatterjee, 1972)s A few reports are available
regarding the serial studies of electrolytes in the full-term
normal infants, healthy premature infants and infants delivered by
difficult obstetric procedures (Overman, Etheldorf, Bass and Hornm,
1951; Rosen, 1961; Acharya, 1962; Yu et al., 1965). However,
reports on the simultaneous serial determinations of acid-base
and electrolyte parameters in respect of normal, premature, low
birth weight inf?nts and infants delivered with maternal toxzemia
are rare in the literature.

Serial determinations of plasma total protein concentrations
in the full-term normal infants were carried out by Graham et al.,
1951; Gairdner, Marks, Roscoe and Brettell, 1958; Reardon et al.,
19603 Acharya, 1962 and Markarian, Jackson and Bannon, 1966,

Similar studies on: the premature infants and the infants
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delivered by difficult delivery procedures were performed by Yu
et al,,1965; Markarian et al.,,1966 and Acharya, 1962. Studies
of the plasma total protein and its electrophoretic separation
on the cord samples of full—term normal infants and their
mothers at delivery were reported by Longsworth, Curtis and
Pembroke, 1945; Stanier and Thompson, 1954; Jencks, Smith and
Durrum, 1956; Oberman, Gregory, Burke, Ross and Ri;e, 19563
Brown, lMc Gandy, Gillie, Doyle and Albany, 1959; Ramkumar,
Singh and Sood, 1964; Hardie, Heese and Kench, 1965; Khalil,
Guirgis, Et Khateeb and Samei, 1968 and Ezeilo, 1971. It would
be observed from the above work that serial studies on the
plasma protein fractions are lacking in the literature,

The chemieal composition of the body fluids shows not only
species differences, but variations occur as a result of racial,
environmental, dietetic and climatic factorss The Indian
literature lacks norms for the acid~base and electrolyte data
in. the newborn infants.

In view of the reasons mentioned in the above paragraphs,
the present study was underfakene

The preseﬁt work is concerned with the serial determinations
of the acid=base and electrolyte parameters and the plasma
protein fractions for a period till 96 hours after birth in the
full~term normal infants, infants delivered by difficult
obstetric procedures, healthy premature infants, healthy low
birth weight infants and infants with maternal toxaemia,



The present study can be resolved into the following
stagest=

1) Study of serial deférminat?ons of acid-~base
parameters like blood pH, partial pressure of carbon dioxide
(p002), base excess (BE), standard bicarbonate(standard HCOB),
actual bicarbonate (actual HCOS) and earbonic acid (32003) in
the full-term normal infents,

2) Study of serial determinations of electrolyte
parameters like plasma potassivm, sodium, chloride, calcium,
magnesium, inorganic phosphorus, Hotal protein and blood urea
in the full-term normal infants.

3) Serial determinations of electrophoretic separation of
plasma protein in the full~term normal infantéo |

4) Study.of the above-mentioned parameters in the other
groups of infants,

5) Correlation of the data obtained on account of
physiological events occurring during the early neonatal period
in the full=-term normal infants with that of the other groups.

A complete statistical eveluation is an unattainable
perfection during this age period, when the changes in the
individual infants show'cansiderably wide variations, However,
the trends seen in the mean values of each group of infants
appear 10 be meaningful and are utilized to illustrate the
changes,



CLINICAL MATERIAL

The clinical material in. the present study consists of the
infants delivered at Shree Sayaji General Hospital, Baroda.

Total number of 63 newborn infants (27 males, 36 females)
were studied, The record of their sex, weight, maturity score,
condition at birth, progress, length of labour, type of
delivery and maternal obstetric history were noteds Realising
the difficulty in getting the correct information of gestation
period from the mothers, the following factors were used for
grouping the newborn infants:

(1) Birth weight: The maternity and Child Health Expert
Committee of WHO (1961) classified all the term infants with
birth weight less than 2500 Ge as low birth weight infants and

infants born at any time before 37 weeks, as prematures or
immatures, (2) Maturity score: It is based on scoring of
various physical and neurological criteria suggested by
Chike;mane, Majmudar and Shah (1969). The maximum Score given
is 20, Infants with maturity score below 14 are termed as
premature infants and those who have 14 or more are termed as
low birth weight term infants,

Grouping of the infants was done as follows:=
Full-term normal infants:

Sixteen inf?nts included in this group were delivered by
spontaneous vagi;al delivery, weighed 2500 G, or more at birth

and had maturity secore 14 or more,



Infants delivered by difficult obstetric procedures:

Out of 19 infants comprising this group, first 11 were
delivered by Caesarean section and the other eight by forceps
application for either maternal or foetal indications like
prolonged second stage of iabour, foetal and/or maternal
distress, pelvic contraction and ruptured uterus, MNost of them
weighed more tha£ 2500 G, at birth and gestational ages were
between 37 to 40 weekse The deliveries by forceps application
were carried out under local anaesthesias Caesarean sections
were performed under general anaesthesia, All the mothers
undergoing Caesarean section received 5% gluoose((o; glucose
saline) infusions during labour and/or at surgery.

Healthy premature infants:

Ten infants included in this group were delivered by
spontaneous vaginal route, weighed less than 2500 G, at birth
and had maturity score less than 14,

Healthy low birth weight infants:

Eleven infants studied in this group were delivered by
vaginal route, weighed less than 2500 G, at birth and had
maturity score 14 or more.

Infants _delivered by difficult obstetric procedures with

maternal toxaemias
Three infants in this group were delivered by forceps
application with a history of maternal toxaemia as evidenced

by oedema, proteinuria and high bleod pressure.

-~



Low birth weight infants with maternal toxaemia:

Four infants in this group were delivered by vaginal route,
weighed less than 2500 G, at birth, had maturity score 14 or
more and had a history of maternal toxaemia.

\ Cliniecal data of all the infants and their mothers are

recorded in Appendix I,



COLLECTION OF MATERIAL

Arterialized capillary blood was collected from each infant
at 0, 2, 4, 8, 12, 18, 24, 48, 72 and 96 hours after birth, All
the blood samples were taken by heel puncture after application
of a thin film of sterilized paraffin (Pildes, Hart, Werrner,
and Cornblath, 1969), The cut was made deep enough to pemmit a
free flow of blood, After wipingaway the first drop of blood,

a heparinized glass capillary was inserted into the centre of the
droplet, to fill it completelys A small piece of iron wire was
inserted into the capillary, then the ends were sealed with
plasticine, for anaerobic storage of the blood sample, The blood
and heparin were mixed by the small iron wire insert, from the
external movement of a small magnet, Four capillary samples were
collected every time for acid-base measurement and stored in ice
water (approx 4° C), till determination was performed within 30
minutese

Another sample of blood (0.8 to 0,9 mle.) was collected into
a elean heparinized Widal tube., The tube was shaken
intermitantly during blood collection to give an anticoagulant
effect, It was then centrifuged at 3,000 r.p.m, for 10 minutes.
Approximately, about 0,3 to 0,4 ml, of plasma was obtained
depending upon the haemoconcentration, From this sample of
rlasma, potassium, sodium, chloride, calcium, magnesium,
inorganic phosphorus and total protein were determined., The

electrophoretic separations of the plasma proteins were carried



out on all the samples. Urea was determined either on the
whole blood or on the packed cells,

Two mle hlood was collected in a heparin container from
the antecubital vein of the mother after delivery., The sample
was centrifuged and the plasma was used for determination of
total protein and electrophoretic separation,

A1l the plasma samples were stored in the glass stoppered
tubes in the refrigerator (2-6° G) till they were analysed
after collection of the last sample at 96 hours,



LABORATORY METHODS

During the lagt decade suitable ultramicro methods have
been developed allowing determinations of biochemical values
with good accuracy., The laboratory methods used for this study
reguire 10 to 50 y»1 of plasma or blood for each parameter, The
total volumes were kept as small as possible avoiding high
dilutions, Beckman spinco polythelene pipettes (with water
repellent surface) were used in this work., At frequent
intervals the pipettes were filled with a fresh solution of 1%
pepsin in 0,1 N hydrochloric acid and were left overnight to
remove any thin invisible coating of protein,

For colorimetry, an Evans Electroselenium Limited, titrator
unit with 10 nm light path was used. Winimum fluid volume
required to read was 2,0 ml, Standards of low and high
concentrations were included in all the batches of the samples,
All the techniques were checked from time to time with control
serae

Blood acid-base parameters were determined by means of the
miero Astrup method (Siggard Andersen, Engel, Jorensen; and
Astrup, 1960), Actual pH was determined at body temperature of
37° Co Other parameters like blood p002, BE, standard
bicarbonate and actual bicarbonate were determined according to
microequilibration technique described by Siggard Andersen(1963).
The carbonic acid is calculated by multiplying p002 with a factor
0.03, which represents a proportionality constant between the

dissolved 002 and pCOz.
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The plasma potassium and sodium were determined by the
E.BsLes flame photometer using external standards, 20 ﬁl of
plasma was used for each determination. The plasma potassium
and sodium samples were diluted with 2,0 ml¢ and 5.0 ml,
double distilled water respectively.

The plasma chloride was determined colorimetrically by
mercuric nitrate method of Schales and Schales (1941) using
10 p1 of the sample,

The plasma calcium and ﬁagnesium were determined by
adapting Wilkinson's method (1957) using ethylene diamine
tetraacetic acid (E.D.Ted.) to tit;ate calcium and magnesium
ions in the presence of murexide and eriochrome black as
indicators. 20 nl of plasma was used for each determination.

The plasme inorganic phosphorus was determiﬁed by the
method of Natelson (1961) using 1, 2, 4 aminonaphthol sulfoniec
acid as a reducing agent. The sample reqﬁired for estimation
was 50 ul. 4

_ Plasma total protein was determined by biuret method
(O'*Brien, Ibbott and Rodgerson, 1968). XElectrophoretiec
separation of the plasma protein was carried out by E.E.L.
electrophoresis apparatus using 10 pl of the sample and '
Whatman paper Noel, The strip was stained with lissamine green
according to the method of Gorringe (1957). Bdnds corresponding
t0 protein fractions were eluted and the elute's optical density

was read at 630 mu,
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Blood urea was determined by the diacetyl monoxime method
using Somogyi filtrate (Natelson, 1961). 50 pl of the sample

was required for the estimation,



FULL~-TERM NORMAL INFANTS

c’c



ACTD-BASE STATUS

The blood pH of 7.4 is slightly to the alkaline side,
The maintenance of the pH of the blood is one of the vital
interests of the body. There is only a very slight change
between the pH of arterial blood (7.43) and venous blood (7.40),
though the venous blood has tb transport plenty of carbon
dioxides Tissue metabolism comntinues to pour more and more
of carbon dioxide into the bloode The carbon dioxide combines
with water to form carbonic acid, the reaction being catalysed
by the enzyme carbonic anhydrase present in the red blood cells,
Again, due to metabolic reactions, various organic acids like
pyruvic acid, lactic acid, acetoacetic acid and inorganic acids
like sulphuric, hydrochloric and phosphoric acids are produced
and these add H-ions to the blood by their ionization., Blood
has, under normal conditions various mechanisms to counteract
acidosis and alkalosis, whether respiratory or metabolices The
ﬁeasurement of pH alone is insufficient~for the cliniecal
evaluation of hydrogen ion metabolism (acid-base balance).,
A serious disarrangement in hydrogen ion metabolism is
compatible with a normal absolute concentration of hydrogen
ions (normal pH), This paradox is explained by the compensatory
mechanisms in the form of the blood buffer systems and the
organs (lung, kidney) of hydrogen ion excretion,
RESULTS:

In the present investigation, therefore, all the parameters

of acid-base balance viz, blood pH, p002, BE, Standard HGO3,



actual HICO3 and H2003 are studied in 16 full~term normal
infants during the first 96 hours of life. The results of
their determinations are expressed as mean, standard déviation,
range and number in Table 1, Their mean values are illustrated
graphically in Fiéo1o

pH: The level of blood pH is low with a mean of 7.28 at
birth and rises rapidly with the establiéhment of respiration
to lower limits of normal adult value of 7,36 at 12 hours. The
pH remains between 7.38 and 7.40 from 18 hours onwards.

pCO,: The mean pCO, value of 45,6 mm,Hg: observed at birth

is the highest level seen during the 96 hour period, It
recedes gradually to 36.3 mm.Hg:. a2t 18 hours and ranges from
3641 to 37 mm,Hg during the remaining period.

BE: The mean base excess at birth is found to be =6,3
mEq/L., which gradually rises to normal level of =1,9 mEq/L. at
24 hours of age and varies from -=-1,7 to -2.4 mEq/L. during the
remaining period,.

Standard HCOB: The standard bicarbonate is a simple

estimate of metabolic acidosis or alkalosis., The mean level
at birth is 19,5 mEq/L, which shows a steady rise to 22,6

mEq/L, till 48 hours when the mean pH is 7,40, The rise in.
bicarbonate lags behind the rise in blood pH,

Actual HCOB: The difference between the actual bicarbonate

‘and standard bicarbonate concentrations indicates a respiratory
acidosis or alkalosiss The mean concentration of actual HCO3

at birth is 20,9 mEq/L, which falls to 19,9 mEq/L. at four
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hours., It ranges from 20,4 to 21.6 mEq/L, during the
remaining period, The levels of actual bicarbonate are lower
than the adult range throughout the observation period of 96
hours,

Egggzz The mean carbonic acid concentration of 1,37 mEq/TL.
observed at birth is the highest level seen during the 96 hour
period, It follows a trend similar to pGOQ.

HCOz/H2003: The ratio is 15.33 at birth and rises
gradually upto 19.84 at 48 hours when the blood pH is 7.40.
Further, a fall is seen with a mean value of 18,93 at 96 hours,

Table 1-A demonstrates the course of changes in the
acid~base pattern of the same infant of this group.'

At birth the infants are in a combined respiratory and
non-respiratory acidosis. Respiratory acidosis is corrected
rapidly after two hours, Though the pH of 7,33 at four hours
of age is significantly below the avefage level for adults,
the value of pCO, (39.5 mm¢Hg) indicates that the alveolar

ventilation is adequates The increase in pH is on account of
decrease in pCO, and the chemical pattern in about 88 per cent

of infants is that of non-respiratory acidosis, A gradual
correction of the non-respiratory acidosis is evidenced by
normal acid-base balance in 56 per cent of the infants at 18
hours, At 24 hours of age, 63 per cent of infants show a
normal acid-~base pattern, 25 per cent show respiratory basosis
and the remaining are in a state of non-respiratory acidosis,

Majority of the infants exhibit normal acid-base status during,
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24 to 72 hours of age as mnoticed from the mean values of all
the parameters. It would be seen from Table 1~A that 12

per cent ofithe infants show non-respiratory acidosis at 24
and 48 hours., However, the incidence of the non-respiratory
acidosis rises to 29 and 33 per cent at 72 and 96 hours
respectively. The onset of respiratory basesis occurs at 18
hours, and is maximum (25‘per cent) between 24 to 72 hour
period, ’

Representative data from the 1iterature on acid-base
status during the early meonatal period are summarized in
Table 2.

A serial acid-base study till 96 hours after birth, in
full-term infants, was undertaken by Reardom et al. (1960).
They noticed a combined acidosis at birth. The nen-resﬁitdtory
acidosis was not associated with a decrease in the biecarbonate
content but a deerease in non bicarbonmate buffer anions was
seen, However, a notable decrease in both bicarbonate and
non bicarbonate buffer anions was seen within an hour after
birth with normal ventilation. A marked deereése in pco2 wa.s
observed at 24 hours of age.‘ Respiratory basosis was seen in
18 per cent of the infants from 24 to 72 hours after birtﬁ.
The trend in the acid=-base pattern of the infants in this
group and those in the present series is found similar till 24
hours after birth. Thereafter, a divergence in both the groups

$ill 72 hours is seen, The mean values during 24 to T2 hours
in. present series show a normal acid-base balance while
respiratory basosis is found by Reardon and associates (1960).
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Malan et al. (1965) carried out a serial acid-base study
in the full-term infants for a period of 72 hours after birth.
These authors observed initial combined acidosis till 2 hours
followed by the correetiom of the respirator& component at
four hours after birth, The residual non-respiratory acidosis
was of a minor degree Showing a normal acid~base pattern.

About 42 per cent of the infants had respiratory basosis at

some time, usuwally after 24 hours, A good correlation between
the observations of Malan et al., (1965) and the present series
isfseen in: (a) correction of combined and respiratory acidosis
after two hours, (b) observation of maximum number of infants in
non-respiratory aci&osis at four hours, (e¢) improvement in
non~respiratory acidosis at 24 and 48 hours, (d) development of
respiratory basosis at 24 hours persisting upto 72 hours.

While the differences noted are:

(i) maximum number of infants show normsl acid-base status
at sixth hour in the study of Malan et al., (1965) and at 24
hours in the present study, (ii) non-respiratory acidosis is
virtually absent at 72 hours in the observation of Malan et al.
(1965) while its incidence increases from 48 hours onwards till
96 hours in the present series,

Jurado-Garcia et al, (1965) in a cross-sectional study of
acid-base parameters in full~term newborn infants reported
non~respiratory and respiratory acidosis at birth. These
workers observed a much faster gaseous adaptation which

attained normal level by 30 minutes with persistence of non-

respiratory acidosis., The infants were in a state of fully
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compensated respiratory basosis at eight hours (pH-7.39,

pCO, 33.75 mm.Hg) and again entered the-non—reshigatory

_ acidosis phase from 24 hours onwards. The 96 hour's pattern
revealed respiratory basosis. The mean values of acid-base
parémeters in their series indicate that the infants swing
from non-respiratory acidosis to respiratory basosis during
’the whole period without attaining normality. The correlation
in the findings of this group and .the present series is seen
upto four hours after birth.

In a lorgitudinal stﬁdy in mature newborn infants during
the first week of life, Rogner et al. (1966) observed
considerable fluc?uations around the lower limits of normal pH
values for adults, These infants were in a state of non-
respiratory acidosis for the whole peiiod showing 2 gradual
compensation from the first to fourth day of 1life, while a
majority of the infants in the present study are in normal
acid-base balance from 18 hours after birth,

Koch (1968) studied lung funetion and acid-base balance
in the full-term newborn infants., The author observed
respiratory and non-respiratory acidosis at birth with
accumulation of lactie and pyruvic acids, Acidosis and
concentration of lactic acid inereased during the first minutes
following birth, but decreased rapidly during the subsequent
minutes. :Respiratory acidosis was removed within 30 to 60
minutes after birth, At 24 hours after birth, inspite of
persistent hypobasemia (standard HGO3, 20 mEq/L.) a normal pH
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value counterbalanced by hyperventilation'(pcoz 33 mm,Hg) was
found, During the further course of the first week, rise in
pcob towards lower limits of the normal adult range paralleled
by an increase in the bicarbonate concentration was observed.

In a2 study of birth weight and acid-base eguilibrium in
the first days of 1life, Severi et al. (1970) observed a
econtinuance of nom=respiratory acidosis till 3 days after birth,
The infants were in normal acid-base equilibrium for the
remaining period of the study upto 7 days.

A cross-sectional study of acid~base homeostasis of the
normel neonates was performed by Ray et al, (1972). They found
mixed acidosis in the infants till one hour after birth, The
infants were in the state of non-respiratory acidosis upto 24
hours. A pattern of compensated respiratory basosis (pco2
32,81 mm.Hg) seen between two to four days of life changed to
non=-respiratory acidosis showing an increase in‘pco2 and a

decrease in the standard HCO3 concentrationse



DISCUSSION:

Various mechanisms explaining the acid-bgse changes
during the neonatal period have been suggested by different
woxrkers. Wilson, Reardon and Murayama (1948) postulated that
anaerobic metabolism, with diminished Goz\production, is
responsible for the low plasma 002 content in the newborn
infants. The work of Singer, Elkinton, Barker and Clark (1953)”
indicates the possibility of migration of hydrogen ion from the
cell to the extracellular fluid (ECF) during the €O, retention.
It is possible that the CO, retention during parturition induces
a similar change in the human infant (Weisbrot, James, Prince,
Holaday and Apgar, 1958). Graham et al, (1951) have shown the
plasma "R" fraction (which consists largely of organic acids)
t0 be 15 mBa/L. for 24 hours old infants, where as that of the
adult is only 10 mEq/L.

- Some degree of asphyxia, usually of a brief duratiom,
oceurring as a result of the delivery process is a normal
finding in all births (James, Weisbrot, Prince, Holaday and
Apgar, 1958; James, 1960), The oxygen debt in the infant
during the terminal phases of delivery appears to be responsible
for the high laectic acid content of the‘cord bloods The
1ncidehce of increased lactic acid concentrations at birth and
subsequently for a period of 3 te 5 hours is reported by
Acharya (1962)., Graham and Wilsom (1954) suggest that the
changes in pH, p602 and calculated oxygen tension (p@z),
indicate "that a comnsiderable portion of the total stimulus to
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respiration is derived from the effeet of oxygen lack', These
authors have observed the oxygen tensiok in the blood of many
newborn infants to be well below 55 té 60 mm.Hg at birth, This
level is low by the adult standards and can be effective in
stimulating respiration, Koeh and Wendel (1967) found a mean
arterial value of p02 to be 62,9 mm.Hg even during a span of
five hours to six days after birth, Koch (1968) in a further
study of lung function and acid=base balance in the newborn
infants observed a p02 value between 10 to 20 mm,Hg at birth .
in the umbilical artery. Subsequent levels of p02 between

10 to 60 minutes ranged from 50 to 60 mm.Hg. These
concentrations of p02 are suggestive of the evidence of hypoxia
during this early neonatal period,

Ray et al. (1972) have offered a different mechanism for
hyperventilation resulting in a fall of pco2 level and
correction of respiratory acidosis. They postulate that
increased concentration of circulating progesterone in the
"newborn imfant during the early postnatal period is responsible
for stimulation of the respiratory eentre whiech leads to
hyperventilation, fhis increased progesterone concentration
has been thought to be a result of passive hormonal transfer
from the mother who shows a similar trend during the last
trimster of pregnancy. However, no data are available of
progesterone determinations in the neonatal infants during the
postnatal hours of life, The presence of anaerobic glycolysis

occurring during this period is evident from the work of James
et al. (1958), James (1960), Acharya (1962) and Koch (1968).



Ray et al. (1972) have reported the presence of combined
acidosis in 80 per cent of their cases at birth for which
these workers have not offered an explanation,

In view of the above facts, it would be seen that, it is
more reasonable 10 think that the initial hyperventilation
occurring during the postnatal hours is due to stimulation of
the respiratory centre in response to hypoxia. Hyperventilation
would result in removal of ﬁhe excess of CO,, thus accounting
for the correction of respiratory acidosis after 2 hours in the
present study. '

As a result of hyperventilation ’che.pco2 level tends to
fall and attain average adult standard by four hours. The
hyperventilation eonfinues resulting in a further gradual fall
of‘pcoz till 24 hours aféer birth along with an increase in the
standard and actual bicarbonate concentrations, The continuation
of hyperventilation from four hours onwards till 24 hours seen
in most of fhe babies could be due to a slow response in the
sensibilization of respiratory centre after its stimulation by
hypoxias, Such a phenomenon of slow response in the
sensibilization of the respiratory cemtre is observed in the
adult man during acclimatization to altitude changes,

The gradual disappearance of non-respiratory acidosis from
four to 24 hour period could be om éccount of diminished lactie
acid production due to correction of hypoxias This is supported
by an increase in the base excess concentration seemn during the

above periodes A similar trend of improvement in the



non-~respiratory acidosis is observed by most of the workers
who have carried out serial studies (Reardon et al,, 1960;
Malan et al., 1965; Koch, 1968).

The observation of respiratory basosis between 24 to 72
hours in 25 per cent of infants in the present study 15 due to
further continvation of hyperventilation, Similar findings of
the onset of respiratory basosis'from 24 hours onwards are
reported by Reardon et al. (1960); Malan et al. (1965) and
Ray et al., (1972), However, none of the above workers except
Ray et al. have offered any explanation for this change.

The increasing incidence of nou-respiratory acidosis seen
after 48 hours onwards is probably due to compensation of
respiratory basosis through conservation of fixed acids by the
kidney. | |
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ﬂFUIL-TERM NORMAL INFANTS (-

FIGURE 1, -

»BI:OOD pH, pGOz, BASE EXCESS, STANDARD BICARBONATE,'
ACTUAL BICARBONATE, GARBONIG ACID AND _ i
BIGARBONATE/CARBONIG ACID CONCENTRATIONS (MEAN) OF\;
).

The seale.is reduced after 18 hoﬁi's,
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: PLASMA ELECTROLYTE STATUS

The importance of electrolytes in the 1iving being eannot
be ignored, Homeostasis of electrolyte balance is one of the
many problems before the neonate after birth, Variance of
electrolyte concentration could be on account of more than onme
factors. Potassium is the main cation of the intracellular
fluid, Maintenance of its concentration in the extracellular
fluid is necessary for museular activity, partieula;ly that of
cardiac muscle, Sodium and chloride are the largest cation
components of extracellular fluids $odium in association with
chloride and bicarbonate helps in the regulation of acid-base
equilibrium, Maintenance of osmotic pressure of the body is
another important role of sodium. It also helps in the
preservation of normal irritability of muscle and permeability
of the cells, Calcium and phosphorus are important
constituents of bone and tooth, Caleium helps in coagulation,
enzyme reactions, muscle contraction and integrity of the
intercellular cement substances, while phosphorus is essential
for high energy bonds, synthesis of phospholipids, cell
membranes and nervous tissue, Magnesium is the second most
intracellular cation., It plays an important role as a metallic

activator of enzyme system. Iike calcium, it has an influence

(S

on the exeitability of the compoment of nmeuromuscular apparatus.

Proteins are the primary constitueants of the body., The proteins

of blood plasma help in controlling tﬁe distribution of fluids
in the body and provide antibodies to combat disease. ZProteins

(=)
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also help in the oxygen transport, buffering mechanism and
regulation of ehemical processes in the form.of enzymes and
hormones, . Urea is the chief end product of protein metabolism.
It forms the largest fraction of nonprotein mitrogenous
substance in the blood and contributes about 80 per cent of the
total urinary nitrogen. ’
RESULTS ¢

In the present study, the parameters of electrolyte balance,
i.es plasma potassium, sodium, chloride, ealcium, magnesium,
inorganie phosphorus, total protein and blood urea are studied
in 16 full-term normal infants during the first 96 hours of
lifes Table 3 and 6 show the results of their determinations
expressed as mean, standard deviation, range and number, The
behaviour of the mean concentrations of these parameters is
shown in Fig.2,
» Plasma Potassium: The mean plasma potassium concentration
at birth is 5,2 mEq/TL. It is slightly higher than the adult
value, The concentration falls to 5.0 mEq/L., at four hours
and remains steady between 12 $0 24 hours at 5.1 mEq/L.
Plasma potassium concentration is found in the normal adult
range after 48 hours,

Plasma Sodium: The mean plasma sodium concentrations vary
within narrow limits of 141.4 to 143.2 mEq/L, with the highest
value at birthe A fall in the sodium level is seen between 24

to 72 hours,
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Plasma Chloridet The mean plasma chloride concentration
is within the normal adult range of 95 to 105 mEq/L. The
mean value shows a rising temndency, reaching the highest level
of 104.2 mEq/L. at the age of 18 hours, This is 5 per cent
higher than the lowest value of 98,3 mEq/L. at birth,

Plagsma Caleium: The mean plasma célcium concentration
of 10,7 mg./100 ml. seen at birth is highest in the series,

It falls upto the agé of 24 hours reaching minimum value of
9.7 mg./100 ml. The fall is 9.3 per cent, Thereafter, plasma
calcium concentration is more or less constanf and the mean
values are withimn the normal adult range throughout the period
of study,

Plasma Magnegium: Like caleium, highest concentration of
plasma magnesium is also seen at birth. The value is 30
per cent higher than the lowest value of 1.34 mg./100 ml, at
12 hours, Flasma magnesium values do not show much variation
afterwards., The mean plasma magnesium ;oneentrations are less
than the lower 1iﬁ1ts of normal adult range after four hours,

Plasma Inorganic Phosphorug: The mean inorganic phosphorus
concentration is 4.99 mg,/100 ml. at birth, It increases upto
the age of 48 hours reaching maximum value of 6.3 mg./100 ml.
The rise is 26 per cent. ' The mean inorganie phosphorus
concentrations are higher than the normal adult range
throughout the period of observation,

Plasma Total Protein: The mean total protein levels vary

within narrow limits, The highest value, 7.1 g./100 ml, at



birth, being 9 per cent higher than the lowest value, 6.52
g./100 ml, at 48 hours, Plasma protein concentration during
the period of study remaims within the normal adult range and
shows a gradual fall till 48 houfs after birth,

Blood Urea: Blood urea level at birth is 15.8 ng./100 mi.
It increases upto 48 hours after birth attaining maximum level
of 26,7 mg./100 ml, The rise is about 70 per ecent, The mean
blood urea concentrations are within the normal range and show
a trend similar to phosphorus.

Representative data from the literature om electrolyte
status during the eafly neoratal period are summarized in
Table 4 and Te

Graham et al. (1951) found normal plasma chloride levels
during the first day of life. In a serial study éf plasma
sodium, potassium and chloride, Overman et al, (1951) observed
values within the normal range from birth to 48 hours, except
an increased plasma chloride concentratiom at 24 hours,

Rosen (1961) studied plasma sodium, potassium, chloride and
blood urea concentrations during the first three days of life,
Plasma potassium showed a gradual fall from 4,94 to 4,50 mEq/IL.
Plasma sodium was on the lower limits of the adult range at
birth, Plasma chloride and bleood urea showed a gradual rise.

Acharya (1962) carried out serial electrolyte estimations
including plasma sodium, potassium, chloride, calcium,
magnesium, inorganic phosphorus, protein and blood urea for a

period of 48 hours after birthe The author has reported much



higher values of plasma potassium at birth, It showed a .
considerable fall at one hour, followed by a moderéte rise at
three hours.’ Thereafter, a slow fall for rest of the 48 hour
period was seen. The plasma potassium concentration did not
reach the normal adult level even by 48 hours, The mean
econcentration of sodium showed some fluetuations in two to
seven hour period, -after which a rise throughout the rest of
the 48 hour period was seen. The plasma e¢hloride
concentration showed a variation during the first nine hours,
followed by a slow rise upto 24 hours and finally adjusted at
the cord blood level, The mean concentration of plasma ‘
calcium fell remarkably at the fifth hour after birth and
continued to fall upto 24 hours, It showed a slight rise at -
the end of 36 hours. The mean concentration of plasma
magnesium in the cord blood was found to be 0,9 mg./100 ml,
Plasma magnesium concentration after a slight rise at three
hours remained below the lower 1limits of normal range during the
period of study. The plasma inorganic phosphorus comcentration
showed a significant rise upto three hours, after which an
abrupt fall with only small variations occurred., The mean
concentration of plasma protein showed a significant rise at
éhe end of one hour, A comnsiderable variation was seen in the
two to 18 hour period after which there was a consistent rise
in the plasma protein concentration. The mean blood urea
concentration showed a marked fall at two hours with a steédy

rise upto 18 hours,

i
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Anast (1964) found the magnesiﬁm concentration of cord
blood to be lower than magnesium levels during the f}rst week
of life, Harvey et al. (1970) observed plasma caleium and
magnesium concentrations lower than the adult range during the
seven day period of study, except the finding of normal calcium
level on the third day. '

Jukarainen (j971) studied plasma calcium, magnesium
and inorganic phosphorus concentrations in 73 full birth weight
infants for 13 times during the first five days of life, Plasma
calcium concentration fell from the initial level 9,6 to 7.8
mg./100 ml, at 44 hours, This was a fall of. 18,5 per cent,

The mean magnesium concentration at birth was 2,07 mg./100 ml,
The lowest value of 2,01 mg./100 ml, at 82 hours, was 7 per cent
lower than the highest, 2,17 mg./100 ml., at the age of 20 hours,
During the five days, the mean magnesium concentration in this
group showed no significant change with age. = The level of
inorganic phosphorus at birth was 6,7 mg./100 ml, inereased
upto the age of 60 hours, reaching maximum value of T¢9

. mg./100 ml. The rise was 18,5 per cent,



DISCUSSION:

Available reports on the plasma potassium concentration
at birth are eontradictory, Overman et al. (1951), Pincus
et al., (1956) and Solomkin and Tauber (1959) have observed
~ plasma potassium values slightly higher tham the adult range,
while Widdowson and | McCance (1956), Oliver et als (1961) and
Acharya (1962) have reported much higher values. Widdowson and
Imgsanc@f (1956 ) noticed an elevated potassium coneentration in
the foetal and neonatal pigs. They suggested that foetal cells
may be less able than adult eells to take in potassium against
a high conecentration gradient. Acharya (1962) reported mueh
higher plasma potassium concentrations tham the normal adult
values throughout the period of 48 hours after birth. The
author was of the opinion that during the early postnatal period
several factors are operating so as to effeet changes in the
plasma potassium concentration., The inerease in plasma
potassium at birth coulld be attributed to deficiency of adrenal
ecortex hormones, tissue destruction, glycogen breakdown and
acidosiBe Anaesthesia is known to cause a transient acidosis
which results in lowering of pH and an increase in extracellular
potassium, The mothers of the full-term normal infants in the
present series were not given any/anaesthesia. The absence of
anaesthesia during labour may account for lower concentrations
of mean plasma potassium at birth in the present series as
compared to the above workers,  However, the mean values of

plasma potassium are slightly higher than the normal adult



range, This inerease in plasma potassium is due to hypoxia
leading to a milder degree of acidosis at birth (pH 7.28).
Slight fall in plasma potassium observed at fourth hour may
be due to removal of respiratory component of acidosis, The
subsequent some what higher mean values of plasme potassium
are due to the persistence of non-respiratory acidosis,

The data on serum or plasma sodium coneentrations of the
normal newborn infants reported by most of the workers are
within the normal adult range., Acharya (1962) observed a
tendency towards a fall in plasma sodium concentratioms inm a
considerable number of infants during the first 12 hours of
lifes, He attributed this change to the deficiency of
mineralocorticoids, The author reportéd a subsequent rise in
the plasma sodium concentration resulting frdm hydropenia
occurring during the early days of life, The mean plasma
sodium concentrations in the present investigation are within
the normal adult range and show no significant changes to
comment upon,

The rise seen. in the mean concentrations of plasma chloride
in the postnatal period by Overman et al. (1951), Acharya (1962)
and present series is -on account of hydropenia as suggested '
by Smith (1959),.

Bakwin (1937, 1939) .studied the.serﬁm caleium level during
the early neonatal period and found a gradual fall associated
with a rise in the inorganie phosphate concentration during the

first day of life, The author attributed this fall to a
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transient h&pofunetioﬁ of parathyroids, His concept was based
on the following facts: (1) whatever maternal hormone might have
been directly or indireetly affecting the foetus is suddenly
withdrawn at birth; (2) most infants show an early postnatal
decrease in‘sernm calcium coﬁqentrationa; (3) reduction in the
urinary excretion of phosphate (similar to ‘that occurring in
hypoparathyroidism) is demonstraﬁle in the newborn infants;
and (4) many infants héve been shown to develop still more
striking hypocalcaemia if phosphorus is ingested, much as do
parathyroid-deficient older subjeects, The observations of
Todd et al. (1939) are in agreement with those of Bakwin (1937).
Danzer (1939) and Acharya (1962) did not find a negative "
correlation between the postnatal fall in plasma ealcium and
phosphorus after birth. Acharya (1962) attributed the positive
correlation of simultaneous fall in the plasma calcium'and '
inorganic phosphorus conecentrations to their utilization for,
mineralization of the bone, Bergman (1971) postulated that
an inerease in the ionized plasma caleium level stimulates the
release of thyrocaleitonin which eventually results in a fall
in the plasma ealecium concentration, This author further
gtated that mineralization of the bone‘and temporary hypofunction
of parathyroid may also be additive factors in producing this
change, Jukarainen (1971) suggested that the interaction
paralleling between plasma calcium and phosphorus may possibly
reflect skeletal mineralization,

The' trend of the fall observed in the plasma calcium



concentrations during 24 hour period in the present series is
accompanied by a concomitant rise in the plasma inorganic
phosphorus level, These findings are in agreement with
Bakwin's (1937) hypothesis of transient hypoparathyroidism
oceurring during the postnatal hours, However, the
suggestions of Bergman (1971) regarding the role of bone
mineralization and .release of thyrocalcitonin in thg regulation- .
of calcium homeostasis cannot be ignored, An abrupt fall in
the plasma inorganic phosphorus occufring between eight to 12
hour period may be on account of bone mineralization resulting
in the formation of calcium phosphate coﬁplex as suggested by
Acharya (1962) and Bergman (1971). Subsequently plasma
inorganic phosphorus level shows a tendency to rise +till

48 hours, This can be on account of tissue breakdown'conpled
with deficient renal function .{McCance and Widdowson, 1954)

. as evidenced by a similar rise observed in the blood urea
concentrations,

Anast (1964) supported his observation of cord blood
magnesium coneentration to be lower than those during the first
week of life, on the basis of role of placenta in magnesium
metabolism in utero, While the findings of Bajpai, Sugden,
Ramos and Stern (1966) are opposite, These workers have
offered no explanation for their observations. Jukarainen
(1971) is of the opinion that hypoparathyroidism inducéd by
high phosphorus concentration can account for the inverse

relationship seen between magnesium and phosphorus



iy
-

concentrations, Similar negative correlation between magnesium
and phosphorus concentrations is observed in the present series
during the first 12 hours of life and can be explained on the
same basis. Subsequent behaviour of magnesium concentration
does not show much variation to comment upon,’

The total plasma protein concentrations show a gradual
fall during the first 48 hours of life, Similar fall in
serum/plasma protein concentrations has been reported by
Graham et al. (1951), Overman et al, (1951), Reardon et al,
(1960) and Hardie et al. (1965). This fall in protein
concentration may be due to fluid shift from vascular space
to the tissues on account of an inereased capillary permeability
resulting from hypoxia at birth.

Urea is the chief end produect of protein metabolism,

Late rise observed in the blood urea concentration upto 48
hours could be explained on the basis of deficient renal
clearance and tissue breakdown. The improvement in renal
function and/or tissue breakdown would account for the
subsequent fall in the blood urea and plasma inorganic

phosphorus concentrations seen after 48 hours.

e
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. " FIGURE 2.

PLASMA POTASSIUM, SODIUM, cHLoRIpEErcALcIUM;_

MAGNESIUM, INORGANIC PHOSPHORUS, TOTAL PROTEIN AND
BLOOD UREA CONCENTRATIONS (MEAN) OF FULL~TERM NORMAL

INFANTS (e : ),

The scale is reduced after 18 hours.
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PLASMA PROTEIN FRACTIONS

The electrophoretic separation is based on the prineciple
that plasma proteins in solution at pH walue above and below
their isoelectric points migrate in an electric field towards
the pole bearing a charge opposite to that of the protein,
Albumin fraction normally eontributes about 80 per cent of the
effective osmotic pressure of plasma, Alpha globulin helps in
transporting copper as ceruloplasmin while beta globulin
serves to transport iron in the blood in the form of a complex
siderophilin or transferrin, Alpha and beta globulins also
help in transporting lipids in the form of 1ipoproteins.
Defence mechanism of the body is looked after by gamma-
globulins,

RESULTS s

In the present work, electrophoretic separation of plasma
proteins is studied in 35 full-~term normal infants during the
first 96 hours of life and their mothers at delivery. The
full~term infants delivered by spontaneous vaginal route and
difficult obstetric procedures (forceps application or
Caesarean section) are grouped as 'full-term normal infants'
for total protein and electrophoretic studies because their
mean total plasma protein concentrations did not show any
significant differences (Table 5, Fig.4). The results of their
determinations are expressed as mean, standard deviation,

range and number in Table 6.



; 62

Plasma Albumin: The mean plasma albumin concentration
of 4.39 g./100 ml., seen at birth is highest in the series. It
falls upto eight hours and rises attaining the original value
at 18 hourg of age, Further, there is a gradual fall to the
lowest value Of 4,08 g./100 ml. at 72 hours. The fall is 7
per cent. Flasma albumin concentration throughout the period
of study is within the normal adult range, while maternal value
is much lower than the normal,

Plasma Alpha1 and Alpha2 Globuli?: The mean concentrations

in case of alpha1 and alpha2 globulins during the period of
study 4o not show much yariatieﬁ except a rise seen in the
alpha, level after 24 hours,

Plagma Beta Globulin: The concentration of 0,58 g./100 ml.

at birth shows a gradual fall upto 18 hours and a steady rise
from 24 hours of age onwards, It attains the original
concentration at 96 hours, There is a difference of 18 per cent
between thé highest concentration of 0,6 g,/100 ml, at 2 hours
and lowest concentration of 0,49 g./100 ml, at 18 hours.

Plasma Gamma Globulin: The mean concentration of 1,58.

g./100 ml, of plasma gamma globulin observed at birth is highest
in the series, It falls upto the age of 96 hours reaching the
minimum value of 1.27 g./100 ml, The fall is 20 per cent.
Concentrations of the infants' globulin fractions are much
lower than those of the mother.
Representative data from the literature on serum/plasma

protein electrophoretic patterns during the early neonatal



period are summarized in Table 7.

Many reports are available on the plasma protein
electrophoretic separation of the cord sample and mother's
blood at delivery, but a serial study on the same infants
during the early neonatal period is not found in the
literature, The concentration of plasma total protein in the
mother's sample is seen to be higher than that in the cord
sample in all these studies, while in the present study plasma
protein coneentratiogs in the mothers at delivery are lower
than those of heel capillary samples of the full-term infants
at birthe The eleetrophoretie patterns of the infants at
birth‘and the mothers at delivery in the present series are in
agreement with those of Stanier and Thompson, 1954; Jencks
et al., 1956; Ramkumar et al.,, 1964 and Khalil et 2l.,, 1968,
This refers to the higher albpmin and lower globulin fractions
of the infants as compared to those of the mother, The tendency
of fall in the total protein, albumin and gamma glebulin
coneentrations seen by Hardie et al. (1965) is also observed
in the present series, A higher gamma globulin fraetion in the
cord plasma as compared to that of the mother was found by
Iongsworth et al, (1945), Oberman et al., (1956), Brown et al,
(1959) and Ezeilo (1971).



DISCUSSION:

It has been shown that amino-acids eross the placenta
readily. Early in gestation, the foetal liver is able to
synthesize all the plasma protein fractions, except gamma
globulin (Dancis, Braverman and Lind, 1957). A detailed study
of transfer of'plasma proteins from the mother to foetus at
term was carried out by Gitlin and Colleagués (1964 ) using
human plasma proteins labelled with 1311. They studied 133
women and their infants and used proteins of various sizes such
as aeid glycoprotein, albumin, transferrin, gamma Geglobulin
(Ig G), fibrinogen, gamma M-globulin (Ig M), The concentration
in the foetus relative to that in the mother decreased from
unity or more for Ig G through aeid glycoprotein, albumin,
transfeirin, Ig M to fibrinogen., In some instances little or
no labelled Ig M, tramsferrin, fibrinogen or even albumin
were present, Levels of these substances were low, or they
were absent in the amniotie iluid;/&nd there was no evidence of
any transfer through the amniotic fluid. The cenceﬁfration of
plaéﬁa albumin in the present group is higher than that reported
by most of the workers in the literature. It may be due to an
adequate synthesis of albumin in the foetal livere The 7
per cent fall observed in the albumin concentration coupled
with simultaneous disappearance of the total protein into tissue
spaces may be due to an inereased capillary permeability,

Dancis et ale (1957) have demonstrated that the foetal

liver of three to four months gestation and placenta at term



are capable to synthesize alpha and beta globulins but not
gamna globulin, These findings rule out the poséibility of
passive transfer of alpha and beta globulins through the
placentas Thus it could be seen that the observation of lower
concentrations of alpha and beta globuling in the neonate at
birth as compared to that of the mother (present group) may be
on acoount of either deficient synthesis by the foetal liver
and/or placenta at terms The fall in beta globulin to an
extent of 18 per cent between 18 to 24 hour period may be due to
fluid shift as mentioned above, A considerable rise in the
alpha, and beta globulins (34 and 20 per cent respectively) is
observed from 24 hours onwards till 96 hours in the present
geries, The author does not have an appropri;te explanation to
offer for this ehange, .

The foetus has no measurable gamma globulin early in the
gestational life. .Their appearance and increase begin at
20 to 24 weeks (Rimington and Bickford, 1947). The foetus has
a slightly higher concentration of serum gamma globulins than
the mother by the time of term birth (Orlandini, Sass-Kortsek
and Ebbs, 1955), Dancis and Shafran (1958) have shown that
gamma glébulin fractions are transferred intact aeross the
guinea-pig placenta and that before birth this is the;; only
soﬁrce. This means gamma globulins are passively transferred
through placenta to the foetus and attain the peak value by
term, The gamma globulin concentration of the infant at birth

s

is comparable to that of the mother in the present group.



This supports the above concept of passive transport, The
marked decrease of 20 per cent in the gamma glebulin
econcentration is indicative of an incereased catabolism of the
cireulating antibodies and contributes a major part of fall

in the total plasma protein concentration,
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INFAETS DELIVERED BY DIFFICULT OBSTETRIC PROCEDURES
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ACID-BASE STATUS

RESULTS: -

As mentioned earlier, thisbgroup inéludes infants
delivered by instrumental ai@, such as Caesarean section or
forceps application for either maternal or foetal
complications, The acid-base parameters are studied in 19
infants during the firat 96 hours of life, The results of
these determinations are expressed as mean, standard deviationm,
range and number in Table 8., TFig,3 illustrates the éhanges
graphically.

pH: The pH value at birth in this group is significantly
lower (t = 2.38, P< 0.,05) than that of the normal. Two and
four hour values show-an -insignificant difference, thereafter

the values attain the lower limit of normal adult range at 12

hours and show similarity with those of the normal.group.

p002: The mean p002 values are lower throughout the

period of observation in this group as compared to those of
the normal. l

BE: The mean base excess concentration is =8,3 mEq/L.
at birth which gradually rises to -2.4 mEq/L, after 24 hours,
The values do not show significant differences in comparison
to those of the normal group. ‘

Standard HCOE: The standard bicarbonate values are

significantly lower than those of the normal group at zero hour
(t = 2.4, P < 0.02)and two hours after birth (% = 2,56,P < 0,02).
Thereafter, the values in both the groups 4o not show much

difference.



g0

Actual HCO;: The mean concentration of 18,8 mBq/L. at

birth is lower by 2,0 mEq/L, then that of the normal group, but
two hour sample is rather much lower than that of the nomal
group (t = 2,50, P < 0,02), Then the differences between the
normal and the present group are not of any significance.

H2003 and HGOB/HZGQ3: The mean concentrations of these

parameters follow a pattern similar to those of the normal group.

Table 8~A demonstrates the course of changes in thg
acid-base pattern of the same infant of this group.

The infants are in the state of combined respiratory and
non-respiratory acidosis at birth., Respiratory acidosis is
corrected after four hours, At the age of eight hours, 79
per cent of infants show non-respiratory acidosis with a pH
of 7.34., A guicker recovery from the non~respiratory acidosis
accompanied by a concomitant increase in the incidence of
respiratory basosis is seen during the 12 to 24 hour period.
The swing from non-respiratory aeidosis to respiratory basosis
results in a delayed normalization of the acid-base balances
At 72 hours of age, 56 per cent of infants show normal
acid-base balance, 33 per cent exhibit respiratory basosis
and the remaining are in the non-respiratory acidosis, The
onset of respiratory basosis occurs at four hours and is
about 30 per cent between 18 to 96 hours, It can be observed
from these results that: (a) the rate of correection of
non-respiratory acidosis is faster in this group than the
normal, (b) the rate of establishment of normal acid=base

balance is slower in this group than the normal, (c) the



duration and percentage of infants exhibiting respiratory
baéos;g in this group are higher than those of the normal
group, -

Representat;ve data from the literature on acid-base
status during the early neonatal period are summarized in
Table 9.

Jurado-Garcia et al. (1965) have done a cross~-sectional
study of acid-base parameters fér'a period of 96 hours after
birth in the infants delivered by difficult obstetric
procedures, The trend of changes in the acid=-base status
obsefved by these authors in this group was similar to that
seen in the nerm#l infants, with slight higher magnitude,



DISCUSSION:

The infants delivered by difficult obstetric procedures
undergo a moré traumatic birth, This leads to a greater degree
of hypoxia as compared to the normal infants which is seen
from the persistence of the respiratory acidosis for somewhat
longer duration in this group, In order to combat the initial
high degree of hypoxia, the respiratory centre is stimulated
more which results in a greater degree of hyperventilation in a
larger percentage of infants, This accounts for an inecreased
incidence of respiratory basosis in thie group. The longer
duration of the respiratory basosis could be due to a
relatively more poor sensibilization of the respiratory centre
after an initial higher stimulation. This also accounts for the

slow attainment of normal acid-base status in this group.



61 61 61 6L 61 6L 61

8*Le 99°lL 89°L 62°0 G'vz Le°g- ¢*¥z ¥8°0 Lo+ ¢6°L 0°9¢ 2¥*9 ¥v*L £€0°0
~p*clL 02°6L ~18°0 60°!L -G*9L  L*o2 -¥*6L 6°12 9*9~ L2~ -0°LZ - 1°9¢ -¢2*L 6g°L P2

61 6l 61 61 61 61 6l

ye2z ev'l ¥v*L 91°0 G°G2 8L°¢ o*tez 29°tL G0+ ¢8°L 0°8y zv°L S¥*L Lv0°0
-9°9L 02°6L  —8L°0 OL'L  -S°9L 6°02 -7*6L 8°i2 0*9- 6°2~- -0'92 9°9% ~-2¢*L 8¢l 8l

61 61 61 61 64 61 61

0°0z 88°0 Lv*L 010 G*ve vz z*¢e 9L°o 0*L- 8%*L oLy Yo°t 0¥*L ££0°0
-2*9L 81°8L -£6°0 TVI°l -G*LL 9°02 -¢°81L 2*le G°L- 6°¢- -0*0¢ 8°L¢ -1¢°L 9¢°L 2l

61 61 61 61 61 m 61 61

2*6L z22'i 62°L 60°0 0°¢Z 16"} 0°¢z Lg*l 0*L- 0°2 0*¢ctk 88°2 6¢*L 9700
-G*GL 82°LL  =96°0 GL°L ~0*GlL 6°61 ~L*9L &*02 8°6~ 0°G- -0°2¢ V°8¢ -62°L V<L 8

61 6L 61 64 61 61 61

2*8l 8¥°L €G°L 8L 0°'92 L¥°2 G*2z 9L*2 g*L— 28°2 0°LS 2L°9 9¢*L 9Y0°0
-g%2L L0®9L ~06°0 6lL°L -0°*V1L 1°61 -2*GL 0°6L . L°Ll- 8°9~ -0*0¢ L*6% -02°*L o¢'L ¥

61 61 61 61 6 . 61 61l

9*LL 20°2 PyeL Li0 G*9z G8°¢ Legeg' v8°2 G*L-  0°f 0°0§ 89°S Gg*L £90°0
-6°6 6L*YL  —=G6°0 02°L -0°¢l 6°LL =221 8°Li 2*'8l~ L*L- -G*Le Q0¥ -60°'L Le*L ¢

(4] 9 cL ¢l 4 . <L 4

0°'9L LL*2 G9*L g22°o 0*te &v°¢ ¢ 6%°2 0°L~ 06°'% 0°'4s .GL°4 0¢*L LO°0
-0*0L 0L°¢L  ~00°L L't -L*¢l 8'sl -G*¥L G°LL 9*GL—- ¢°8- -0'0Y L°G¥ -1l v2*L o

20N *OoN JON *oN son roN soN

+0S +HIS +0s +{IS +as +7s +as
ofBuey ueey  oFuwy UBSR alBuey uwsepy a8uBy UBSN a3uey ueey aSuey UBopy afuey uesy T

vUSeTJ *T/bgu  ews®lq */0qum euUS RS *T / OHU *1 /05w B Cwm mwem..m
“00%u/“00H %00%H Soou Tenyoy “oou'ps e o0d pd sanon
(SHTYES INASTUA)
*STMACAO0YS DIYTAISHO - IINOIALIA X9 CEYTAITHEC SINVINI 40 SNOIIVHINZONOD IOV DINOGMYD/EIYNOSYYOIL
QY QIOV OINOGHVD ‘EIVNOSHVOIS TVALOY ‘ETYNOTEYOIS QEVANYIS ‘SSEoxd @sva ‘Cood ‘md qooTd

‘8 HIIVE : cO

Cad



s\

‘81

8l gl 81 . 8L g1 gl
L'vz S¥'L v2'L 61L°0 0°¥z tz°¢ S*vz el G0+ 8'2  0°L¥ 0$°G L¥*L 2700
-¢*gL €B'6L  =67°0 90°L  ~G°Ll 6°02 ~C*9] z*2Z  8'0l= ¢*z~  -0°0Z L°SC  ~L¢*L 65°L 96
g 81 gl g1 - T 3l -1}
0°SZ OL'L  62°L 91°0 G5z 12°2 0*tz 96°0 0°L+ 06°L Goch  cSe¥ 05°L ¥60°0
-2*LL ¢6°61 -5L*0 L0*1L -G*91 ¢°*i2 -0*6L 6°22 20~ 8°i~- ~-G*92 9°*G¢ -9¢*L OV*'L 2L
g1 81 81 31 81 . 81 8l
6°72 <¥'L  €2°L 02°0 0°vz 2L'S 0°62  LL*0 G+ Chg o'zt 26°z 06*L LY0°0
-9*LL 28°6L -87°0 G0°'lL ~6*6 8°02 ~0"GL 0'2z  8°¢i- ¥'z-  -0°9L 1'GL  -¥L'L 6L°L sf
) YqITq
£00%u/ %001 60%H £o0m TER3OV C00H" DS ue ond ud T097®
sanoy
(QEANITNOD) *8 WILVd ) .
(e



82

1
TABLE 8-A.
CQURSE OF ACID-BASE STATUS IN 19 INFANTS DELIVERED BY DIFFICULY OBSTEIRIC PROCEDURES
Hours Combined Respiratory Non= Normal Respiratory
after acidosis acidosais | respiratory : basosis
birth 1 acidosis
12 14 ‘ 11 13 15
& @l "n” @
2 T2 3 4 5
- 7 6 - 8 9 10 i
12 - 11 13 15
: 19 @ 16 17 18
4 . 1 2 4 5 3
T “ 6 8 9 10
12 11 13 14 15
: @ 16 19 17 18 @ @
8 . 12 .5 00 4 3
6 8 g 10 7 ) )
11 12 14 15 13
16 17 18 19 - @ G,
12 5 1 ‘ 4 2 3
6 10 7 8 9
1g 12 ;g 15 ) 14
T @ @ D ®
18 5 4 2 3
T 7 9 10 6 8
12 14 11 13 15
17 (@5 16 8 . C?D . 19 55 C?@
24 5- : 2 3 4
‘ 6 8 7 9 10
12 o 1 13 14 15
@ 18 @ | 1617 19 &) &)
48 1 5 2 4
6 8 9 7 10
11 12 13 15 14
16 ggg 17 18 19 @E@ GSD
72 4 5 2
9 6 7 8 . 10
S 1 13 15 12 14
16 Q) 18 19 Q§9 17 %3
96 o 5 2
‘9 10" :w* Coo 6 8 5
111 12 13 14
16 @ 17 18 19

Figures shown in the circle indicate per cent of infants.
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" PIGURE 3,

_ BLOOD pH, pCO,, BAS.E"EXCESS, STANDARD BICARBONATE,
ACTUAL BICARBONATE, CARBONIC ACID AND o
BICARBONATE/CARBONIC ACID CONCENTRATIONS (MEAN) OF
 FULL~-TERM NORNAL mmmfs”' (o

~'®) AND INFANTS
. DELIVERED BY DIFFICULT OBSTETRIC éaocEDUREs (O — — v). -

, The s‘caie is reduced after 18 hours.
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PLASMA ELECTROLYTE STATUS

RESULTS:

The electrolyte parameters are studied in 19 infants
during the first 96 hours after birth, The results of the
determinations are expressed as mean, etandarddeviation,
range and number in Table 10, The behaviour of the mean
concentrations of these parameters is shown graphically in
Fige4.

Flasma Potassium: The mean concentration of plasma
‘potassium is higher than that of the normal infants during the
24 hour period after birth, The differences are significant
at zero, two, four and eight hours after birth (P < 0,02,

4 0,01, < 0,001 and < 0,01 respectively)s & gradual fall
amounting t0 20 per cent in the,plgsma potassium concentration
is obsérved during the whole period though the wvalues are
nigher than the normal adult range till 48 hours of age.

Plasma Sodium: The mean concentration of plasma sodium
is lower till 48 hours of age as compared to that seen in the
normal infants,

Plasma Chloride: The plasma chloride concentrations are
same at birth in the normal infants and in the infants of the
present group. Thereafter, lower Eoncentrations are found
throughout the period of observation in the present group as
compared to those in the normal, The differences in the
concentrations are significant at eight, 12, 18 and 24 hours
of age (P < 0,05, < 0,01, < 0,01 and < 0,02 respectively).
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flasma Calcium: The mean concentration of plasha calcium
in the presen% series is lower than that of the normal group
during the 96 hour period., Significant difference in the
concentration is seen at 48 hours after birth (t = 2,22,

P < 0.05). However, the pattern is similar to that of the
normal group.

Plasma Magnesium: The behaviour of the mean concentration
of plasma magnesium is similar to that in the normal group with
a 30 per cent fall at 24 hours in the basal value of 1,75
mg./100 ml, The concentrations are less than the lower limits
of the normal adult after four hours of age,

Plasma Inorganic FPhosphorus: The mean concentration of
inorganic phosphorus is higher than that of the normal group
throughout the period of observation except at four hourse
At 72 hours of age, the difference in the concentration is
significant (t = 2,71, P < 0.02) and a rise of 24 per cent is
seen. _

Blood Urea: The blood urea concentration in this group
shows a considerable rise during the whole period as compared
to that in the normal group., Significant differences in the
concentrations are found at eight, 12, 18, 24 and 72 hours
after birth (P < 0,05, < 0,001, < 0.05, < 0,05 and < 0,02
" respectively). The blood urea value of 39.7 mg./100 ml. at 72
hours shows a rise of 82 per cent as compared to the
conecentration of 21,8 mg./100 ml. at birth. l

Representative data from the literature on electrolyte

status during the early neonatal period in the infants.
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delivered by difficult obstetric procedures are summarized
in Table 11,

Rogen (1961) studied electrolyte patterns in the Bantu
babies born by Caesarean section during the first week of life.
The concentration of plasma potassium was higher than the adult
range on the first déy and remained within the normal limits
afterwards, Plasma sodium was on the lower limits of the
hormal range except on the third and fifth dayes A gradual
inerease in the concentration of plasma chloride from 96.3
to 104.5 mBEq/L. was seen between second to sixth day., Blood
urea in this group was signifieantly higher (P < 04001) than
that of the normal on each of the first three days of life,
Further, the mean blood urea continuwed to rise until it
reached a high level of 44,1 mg./100 ml. on the fourth day and
receded afterwards.

A serial electrolyte study till 48 hours after birth in the
infants delivered by difficult obstetric procedures was carried
out by Acharya (1962). The author found cord plasma potagsium
values lower than those of the normal infants. The
concentration of plasma potassium was maintained at a slightly
higher level than that of the normal group from seven hours of
age. 4 lower concentration of plasma sodium as compared to that
in the normal neonates was found throughout the wholé period of
observation, The plasma chloride concentration did not show
much variation from that of the normal. The mean concentration

of plasma calcium followed a pattern similar to the normal
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group without significant difference, The mean concentrations
were higher than those of the normal gioup though the values
were below the range of the normal adult, The mean
concentrations of plasma inorganic phosphorus were also higher
than those of the normal infants, but the values were higher
than the normal adult range. Blood urea concentration in this

group showed a late rise between 24 to 48 hours after birth,
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DISCUSSION:

The eleectrolyte changes observed in the infants of
difficult delivery group are well marked, The most striking
changes are low plasma sodium, low plasma chloride, low plasma
caleium, a high potassium, an elevated inorganic phosphorus
and a late rise In the blood urea concentrations as compared
to those of the full-term normal infantse. The results in the
present series are comparable to those of Acharya (1962), except
the concentrations of plasma potassium, chlbride and calcium.

" McCance and Widdowson (1954a) studied 10 full-term
postnatal infants who were delivered by forceps application
and eoncluded from their results that events connected with a
long and difficult labour seem to give rise to a syndrome in
the infant which is characterized by (i) a relatively large
excretion of inorganic phosphate during and after birth,

(ii) an increased destruetion of body protein during the first
48 hours of life, (iii) a low urine volume, reduced glomerular
filtration rate and a poor urea clearance, (iv) a reduction in
the contribution of potassium and chloride to the total
osmolarity of the urine, The authors explained these changes
on the basis of increased tissue catabolism oxr breakdown.

\ Birth involves a certain degree of trauma, and it is not
surprising that the homeostatic mechanisms maintaining the
internal equilibrium may be affected by the degree of trauma
inflieted during birth.e The infants delivered by difficult

obstetrie procedures undergo a more trawmatic birth, This
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would result in a greater degree of hypoxia and tissue
breakdoﬁﬁ. The higher concentration of plasma potassium
observed &uring the first eight hours would be on account of
the above factors.

The observations of Klien (1951) during the neonatal
period are interesting. The author studied the effect of an
exogenously administered adrenocorticotrophic hormone(A.C.T.He.)
on 12 newborn infants for the periods of one to 10 dayse This
was accompanied by an expected increasen in the excretion of
17-Ketosteroids and urinary nitrogen. The ufinary excretion
of potassium showed moderate increase on the day of injection.
Sodium excretion was always increased a day after an adequate
dose of A,C.TeHe administration, When desoxycorticosterone
acetate (DsC.A.) was administered to these newborns, they
reacted like adults, showing decreased excretion of sodium,
This would suggest that the kidney of the newborn is capable
of responding normally to adrenocortical hormone, The altered
response seen in the neonatal infants after A,C.T.H,
administration could be on account of secretion of weak
godium retainers (Klein, 1951), Ianman (1953) reported a
similar response $0 A.,C.T.Ho during the early neonatal
period, Acharya (1962) reported a higher urinary
excretion of sodium on the first day after birth as compared
to the urinary excretion on the second day in the infants of
difficult delivexry groups The author suggested that an

increased excretion of urinary sodium on the first day could
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be due to a rapid effeet of the emdogenous A,C.T.H. on account
of a more traumatic birth, An inereased urinary excretion of
sodium would favour low plasma sodiﬁﬁ concentration, Similar
mechanism of an altered response to A.,C.T.H. could be
responsible for the low concentrations of plasma sodium and
chloride observed in the present group as compared to those of
the normal group,

The plasma calcium concentration is lower in this group
as compared to that of the normal group. This change is
significant at 48 hours, Could this be a reeiprocal change to
balance an inereased concentration of inorganic phosphate seen
in these infants after 24 hours? The behaviour of plasma
magnesium in this group does not show much variation as
compared to the normal groups ‘

The rise in the plasma inorganic phosphorus eoncentration
could be due to CO, retention (Cordier and Piery, 1955), to
liberation from the cell when glycogen is broken down to
glucose, or to tissue breakdown, A comparatively higher
degree of hypoxia at birth in the infants of the present group
results in an increased acidosis as evidenced by the changes
in pH, BE and standard HCO3 concentrations, This increased
acidosis could account for the initial high plasma inorganie
phosphorus concentrations, The late rise in the inorganic
phosphorus concentration seen in the present group cannot be
due to 002 retention as the pH, p002 and H2CO3 values are

normal during the period of rise, Glycogenolysis alone cannot



account for sueh an inerease in the inorganic phosphate
concentration, Tissue breakdown occurring during the second
day seems to be the reasonable explanation for this change.
The rise in the blood urea concentration showing
significant differences after eight hours reflect an inereased
tissue breakdown., The magnitude and duration of tissue
breakdown are more in these infants as compared to those of
the normal groupe This is supported by parallel changes in

the plasma inorganie phosphorus concentrations,
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| FIGURE 44

.FEASMA POTASSIUM, SODIUM, CHLORIDE, CALCIUM, MAGNESIUM,
AINORGANIC PHOSPHORUS, TOTAL PROTEIN AND BLOOD UREA .

,~CONGENTRATIONS (MEAN) OW FULL-TERM NORMAL INFANTS
(e o) AND INFANTS DELIVERED BY- DIFFICULT
OBSTETRIC PROCEDURBS (7""’ -— -—-V).

- The scale jis ,g?educ,:gd after 18 hours,
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HEALTHY PREMATURE INFANTS
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ACID-BASE STATUS

RESULTS ¢

This group includes 10 infants. The results of acid-base
determinations are expressed as mean, standard deviation,
renge and number in Table 12, The mean changes are expressed
graphically in Fig.5.

pH: The mean pH value at birth is 7.24 and remains lower
than that of the normal group throughout the period of
observation, The difference is significant at 24 hours of age
(t = 2,27, P2 0,05).

9002: The mean p002 value is higher than that of the

normal group for the period of observation except at 24 hours.
BE: The mean base excess concentration is ~7,7 mEq/L. at

birth which rises gradually to =2.9 mBEq/L. at 48 hours and does

not attain normal value, The mean econcentrations during the

period of observation are lower than those of the normal group

and a significant difference is found at 24 hours (t = 2.23,

P £ 0,05).

Standard ECOB: The mean concentration of this parameter

is lower as compared to that of the normal group throughout
the period of 96 hours after birth,

Aectual HCO3: Much variation is not observed in the mean

concentration of the present and the normal group.

H2003= The mean carbonic acid concentration follows a

trend similar to that of pCO,.
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3002/320033 The ratio in this growp is lower than that
of the normal group throughout the period of observa?ion.
Significant difference is found at 24 and 48 hours after birth
(t = 3.0, P 0,01, t = 3,0, P< 0,01 respectively). |

The course of ehéngea in the acid~base pattern of the
same infant of this group - is demonstrated in Table 12-A,

The infants show respiratory and non~respiratory acidosis
at birth, The respiratory acidosis is corrected after the age
of eight hours, By this period, 80 per cent of the infants
are in a state of non-respiratory acidosis, 10 per cent in
respiratory acidosis and the remaining are in the normal
acid-base equilibrium. A gradual correction in the non-
'respiratory acidosis and improvement in the normal acid-base
equilibrium is seen during eight to 18 hours after birth,

This is aecompanied by an onset of respiratory basosis,
Deterioration in the acid~base pattern is found at 24 hours
of age with an increased incidence of the nonerespiratory‘
acidosis found in 60 per cent of the infants, This is
evidenced by significant lower values of pH, BE and HOO3/H2003
of this group as compared to those of the normal infants at

24 hours, It is seen from the Table 12-A that 40 to 50

per cent of fhe infaﬁts are in non-respiratory acidosis
between 48 to 96 hours of agee The 10 to 20 per cent incidence
of respiratory basosis seen between 18 to 48 hours of age in
this group is the lowest amongst all the groups studied.

Representative data from the literature on acid-base



status during the early nebnatal period is summarized in

Table 13.

Biochemical status of the healthy premature infants in the
first 48 hours of life was studied by Yu et al. (1965). These
workers grouped premature infants into two catogeries, one
weighing less than 1500 G. and the other between 1500 and
2500 G. at birth. The small premature infants attained the
normal acid-base status more rapidly than the bigger infants,
The heavier infants needed 48 hours to reach a pH of 7.40,
while the smaller reached the same value by 12 hours after
birth, However, pH value of more than 7.37 was not attained
in the present group. The pCO2 of the heavier weight group
remained higher than that of the other group. The trend in both
the groups showed a slow fall from the cord blood level., The
smaller premature infants had higher values of standard
bicarbonate than those of larger infants upto the sixth hour of
life.

Buecci et al. (1965) conducted a study of acid-base status
of normal premature infants in the first week of life. coﬁbined
acidosis was found at the age of three to six hours in the
group of infants weighing more than 1250 G, at bdbirth,
Significant changes were found in pH (P <« 0.001) and BE
(P < 0,025) from the age of three to six and seven to 12 hours.
The average values between 13 to 48 hours of age indicated a
mild compensated metabolic acidosis, A significant (P < 0.025)
decrease of the BE occurred, almost compensated by a decrease
of the p002, from the second to third day of life. From the
third to the fourth or fifth day, significant increases in the



BE (P < 0,025) and pCO, (P < 0,005) were observed,

Malan et al. (1965) carried out & serial acid-base study
in the normal premature infents during the first 72 hours of
life. A correlation in the observations of these workers and
those in the present series can be seen in: (i) the persistence
of respiratory acidosis and a higher level of p002 in the
healthy premature infants, (ii) contribution of the non-
respiratory acidosis as the largest single group, (iii) maximum
number of infants in the non-respiratory acidosis at 24 hours
of age, (iv) persistence of the non-respiratory acidosis in
about 40 to 50 per cent of infants even after 48 hours of age.

Malan et ales (1966) also reported acid-base determinations
in the normal premature infants during the first two months of
life. The mean values for pH, base excess, buffer base and
standard bicarbonate showed a gradual movement towards the
non-respiratory acidosis from fourth to 14th day, During the
third week, the values remained stationary and thereafter
showed a rise, Majority of the babies had non~respiratory
acidosis, usually uncompensated even between 22nd to 60th days
of life,

A gtudy of birth weight and acid-base equilibrium in the
first days of life in the premature infants was carried out by
Severi et al. (1970). These authors found the persistence of
non=-respiratory acidosis throughout the period of seven days.
An initial correction in this stage upto three days and

deterioration thereafter were observed by them,
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DISCUSSION:

It would be observed from fhe results of the present series
that there is an increase in the incidence and duration of the .
respiratory acidosis in this groﬁp than that ©f the normal.group.
Similar findings have been reported by Kildeberg (1964), Buceci
et al, (1965) and Malen et al, (1965). In the absence of a
demonstrable pulmonary disease, the higher incidence and
magnitude of respiratory acidosis in the premature infants can '
only be attributed to a éoor sensitivity of the respiratory
centre in response to hypoxia., The maximum number of infants
'in the premature group (60 per cent) show non-respiratory
acidosis at 24 hours, in contrast to only 12 per cent of the
infants in the normal group. The ability of the neonatal
kidney is limited to establish the adult pH gradient between
blood and urine and to excrete H-ions inté the urine as there
is a deficiency of urinary buffer substances (Mc Cance and
Hatemi, 1961)., These limitations of the kidney function would
be more marked in the premature infants, Furthermore, an
increased tissue catabolism is observed in these infants which
is evidenced by a rise in the plasma magnesium and blood urea
concentrations at 24 hours (Fig.6)e Thus the diminished renal
function coupled with an inereased tissue catabolism would
account for higher incidence of the non-respiratory acidosis
seen in the premature infants, The subsequent persistence
of the non~respiratory acidosis beyond 24 hours could also be

due to these factors.
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'FIGURE 5,

BLOOD pH, pcoé,'BASE”EXCEss, STANDARD BICARBONATE,
_ ACTUAL BICARBONATE, CARBONIC ACID-AND

BICARBONATE/CARBONIC ACID CONCENTRATIONS (MEAN) OF
 FULL~TERM NORMAL, INFANTS (e

e) AND HEALTHY
PREMATURE INFANTS ( ol---‘—-°).

The scale is reduced after 18 hours. .
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PLASMA ELECTROLYTE STATUS

RESULTS

The number of infants studied in this group is 10, The
results of their electrolyte determinations are expressed as
mean, standard deviation, range and number in Table ‘14, while
Fig.6 shows the behaviour of their mean concentrations,

Plasma Potassium: The behaviour of mean concentration of
plasma potassium shows a gradual fall after birth except at 12
hourse, The values are higher than those of.the normal group
upto four hours and remain lower from 18 hours onwards,

Plasma Soqium: The mean concentration of plasma sodium
is found higher than that of the normal group during the whole
period,

Plasma Chloride: The mean concentration of the plasﬁa
chloride is seen to be lower than that of the normal group
except at and 48 hours after birth, A statistically
signifieant (t = 2,15, P « 0,05) decrease is found at 18 hours
of age,

Flasma palcium: The mean concentration of the plasma
calcium is lower than that of the normal group during the
period of 96 hours, but shows a similar trend., However, the
decrease is significant at 48, 72 and 96 hours of age

(P £ 0,05, < 0.05 and < 04001 . respectively),

Flasma Magnesium: An increased concentration of plasma

magnesium as comparéd to that of the normal group is found

e



duiing the 96 hour period aftér birth, The values are
significantly higher at 12 and 72 hours of age (t = 2.2,
P £ 0,05 and t = 3,23, P < 0,01 respectively).

" Flasma Inorganic Fhosphorus: The meﬁn concentration of
plasma inorganic phosphorus is higher than that of the normal
group till four hours after birth, Then the values are lower
than those of the normal group upto 48 hours of age. The
highest inorganic phosphorus concentration coincides with the
lowest concentration of plasma calcium at 96 hours,

Plasma Total Protein: The highest valie, 6.0 g./100 ml.
at birth falls upto the lowest value, 5.53 g./100 ml. at 24
hourse The fall is about 8 per cent., The mean total protein
concentration is significantly lower than that of the normal
group throughout the period of observa?ien (P £ 0,001 from
birth to 72 hours and P < 0.01 at 96 hours)., The mean total
protein of the infants at birth is lower than that of the
mothers at delivery,. '

Blood Urea: The mean blood urea concentration is lower
upto 12 hours as eompared to that of the normal é;oup. The
level from 24 hours onwards is higher than that of the normal

group without any significance.

Representative data from the literature on the electrolyte

status during the early neonatal period are summarized in
Table 15 and 17.

A study of biochemical status of the healthy prémature
infants in the first 48 hours of life was carried out by
Yu et al, (1965), Serum potassium levels in the cord blood
were high, ianging from 5.0 to 10.2 mEq/L. Serum potassiuvm

v

DO
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concentration showed a rise after three hours in 50 per cent
of the babies. Infants of low weight group had cord blood
sodium higher (142-163 mEq/L.) than those of the heavier ones
(132 mEq/L.). The serum sodium slowly rose by 5 mEq/L. in all
the babies at 48 hour of age. The serum chloride values were
within the normal adult range throughout the period of study.
The plasma calcium levels in the cord blood of premature
infants were high (10.6 mg./100 ml.) and fell to a minimum
level of 8,6 mg./100 ml, at 18 t0 24 hourss The trend in serum
magnesium level was very similar to that of serum caleium, with
a high cord value, a subsequent fall and then recovery. The
concentration was 2,1 mg./100 ml, at 48 hours after birth,
Blood inorganic phosphate levels, did not correlate with the
welights of the babies, There was an upward trend during the
period of study till 48 hours, Flasma protein concentration
showed a fall upto six hours. This was followed by a rise,
Blood urea values were within the normal adult range and
showed an increase within six to 24 hours after birth,

Psang and Oh (1970) found magnesium concentration of
cord blood to be lower than that of the first week of life,

Jukarainen (1971) studied the behaviour of plasma caleium,
magnesium and phosphorus concentrations for the first five days
of life in 30 pre~term neonates with gestation ages from

28 to 36 weeks. The mean magnesium varied within very narrow
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1imits, The highest value of 2,3 mg./100 ml., at 82 hours was
8.5 per cent higher than the lowest value of 2.1 mge/100 ml.
.at 28 hours, while calcium concentration showed an inverse
pattern, The mean highest value of 9,0 mg./100 ml. at the age
of 0 to 2 hour fell distinctly to 6,8 mg./100 ml, at the age
of 44 hours, It was 24,5 per cent fall. The maximum value of
plasma inorganic phosphorus of 7.9 mg./100 ml. at 44 hours
after birth coincided with the minimum calcium levels, This
maximum value was 21,5 per cent higher than the value at tﬁe

age of 6 hours,



DISCUSSION: ‘

The initial high values of plasma potassium could be on
account of respiratory acidosis, the disappearance of which is
accompanied by a fall in plasma potassium, The plasma
potassium does not show anyﬁeignificant change thereafter to
comment, The initial plasma sodium level of 146.5 mEq/L. is
higher than that of the normal groupe The gradual fall
observed till eight hours may be due to a deficiency of mineralo-
corticoids and/or acidosis., Subsequently a gradual increase
is seen till 48 hours which could be explained on the basis
of dehydration, Yu et al. (1965) are of the same opinion
for a slow rise in the plasma sodium concentration during
similar period. Thereafter, plasma sodium tries to attain a
normal equilibriume The plasma chloride concentrations do not
show much change to comment upon. The plasma calcium
concentration shows a falling trend, This could be due to
similar mechanisms of hypoparathyroidism, release of
thyrocalecitonin and mineralization of bone as accounted for in
the normal infants, Furthermore, the persistence of acidosis
in the premature infants would contribute to a higher magnitude
of fall in the plasma calcium as seen in the preseﬁt groups
An initially high level of plasma inorganic phosphorus is on
account of a greater degree of acidosis observed in these
infants, A slow and sustained rise (20 per cent) seen after
eight hours till 96 hours is a change reciprocal to that of

plasma calcium.
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The late rise in the plasma magnesium and blood urea
concentratibns (32 and 195 per cent respectively) signify
an increased rate and magnitude of tissue breakdown occurring
. in the premature infants, It appears that the protein
synthesis is deficient in the premature liver as evideneced by

the lower plasma protein level in this group of infants,
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FIGURE 6,

PLASMA :eomsswm, SODIUM, CHIORIDE, CALCIUM, MAGNESIUM,
INOB.GANIC PHOSPHORUS TOTAL PROTEIN AND BLOOD UREA |

' CONCENTRATIONS (MEAN) OF - FULL~TERN NORMAL INFANTS
‘ (-—-—-—---) AND HEATTEY PREMATURE mmms (o———o).

The _Sc‘aie is refduced‘af'&er 18 hours,
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PLASMA PROTEIN FRACTIONS

RESULTS:

In the present group, electrophoretic separation of plasma
protein is done for a period of 96 hour after birth in nine
infants and their mothers at delivery. The results are
expressed as mean, standard deviation, range and number of
determinations in Table 16.

Plasma Albumin: The mean concentration of plasma albumin
is below the normal adult range'and significantly lower than
that of the normal group at zero, two, four, eight, 12, 58, 24,
48, 72 and 96 hours after birth (P < 0.02, < 0,01, < 0,02,
< 0.0%, < 0,01, < 0,01, < 0,02, < 0,01, < 0,02 and < 0,05
respectively)s Flasma albumin concentration does not show
much variation during the whole period. The maternal plasma
albumin concentration is much lower than that of the infant at
birth. ' ‘

Plasma Alpha1, Alpha2 and Beta: The mean concentration of

these globulin fractions in the present series are lower than
those of the normal group. However, a significant decrease
(t = 2.05, P< 0,05) in the beta fraction is found at four
hours of age,

FPlasma Gamma Globulin: The concentration of plasma gamma

r—

globulin is 1.20 g./100 ml, at birth and remains lower than
this for the rest of the period. The values are gignificantly
lower than the normal group at birth, two, four, eight and 24

hours (P < 0.05, < 0.02, <« 0,01, < 0,01 and < 0,05 respectively).



133

Concentrations of the neonate's globulin fractions are
much lower than those of the mother,

Representative data from the literature on serum/plasma
protein electrophoretic patterns during the early neonatal
period are summarized in Table 17.

Saito et al, (1956) studied plasma protein patterns in
the premature infants of varying weights on the first day of
life and reported a positive correlation between the plasma
albumin and globulin concentrations and the birth weight of

the babies,



DISCUSSION:

The lower plasma albumin concentration found in this
group could be accounted by the functional immaturity of
liver which results in a diminished synthesis of albumin.
This is in agreement with the views of Khalil et al, (1968).
The changes observed in the plasma alpha1, alpha2 and beta
fractions show a similar trend as found in the normal group
and are due to the same mechanism, The gamma globulin value
in the premature infant is significantly lower (P< 0,05) than
that of the normal group at birth, It appears that the peak
concentration via placental transfer is not aftained in these

infants on account of the pre-~term birth,
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HEATLTHY LOW BIRTH WEIGHT INFANTS




ACID-BASE STATUS

RESULTS:

The acid~base parameters are studied in 11 infants during -
the 96 hours of age, The results are expreésed as mean,
standard deviation, range and number of determinations in
Table 18, Their mean concentrations are graphically
demonstrated in Fige.7.

pH: The mean pH value at birth is 7.27 which attains
lower limits of the normal adult range at 12 hours, The values
remain between 7.37 to 7,39 from 24 hours onwards.

pCOZ:‘ The initial mean values of p002 upto two hours are

lower than those of the normal group. Higher significant value
(t = 2,50, p«¢ 0,05) as compared to that of the normal group is
seen only at 18 hours of age.

BE, Standard HCO3 and Actual HC?B: The concentrations of

these parameters are lowexr than those of the normal group at
birthe Thereafter, a trend similar to that of the normal group
is foumd.

H,C0, and HGO3/H2003: The concentrations of these

2°"3
parameters also do not show any significant differences,

The course of changes in the acid=-base pattern of the same
infant of this group : is shown in Table 18-4,

Combined acidosis and non-respiratory acidosis are found
at birth. At the age of eight hours, 82 per cent of the

infants are in a state of non~respiratory acidosis, 9 per cent



[N
19
proie

show respiratory acidosis and the rest are in the normal
acid-base balance, These changes are in agreement with
those of the normal group at eight hours after birth, A
guicker and complete recovery from non-respiratory acidosis .
as compared to that of the normal group is evidenced at 24
hours of age. Further, 45 to 55 per cent of infants remain
in the normal acid-base balance between 48 to 96 hours., The
incidence of respiratory basosis 1is seen between 12 to 96
hours of age and its magnitﬁde is higher as compared to the

other groups.



DISCUSSION:

The changes observed in the acid-base status of the low
birth weight infants during the first eight hours of life are
very similar to those seen in the normal full-term infants and
could be explained on similar mechanisms, The guicker removal
of the non-respiratory acidosis is on account of an effective
conpensatory mechanism of hyperventilation, The
hyperventilation is seen to be continued in a higher percentage
of infants leading to the develompment of respiratory basosis,.
This continuation of hyperventilation could be due to a much
poor sensibilization of the respiratory centre in these infants.

Could this be on account of intra=~uterine growth retardation?
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FIGURE T

BLOOD pH, pCO,, BASE EXCESS, STANDARD BICARBONATE,
ACTUAL BICARBOI\TATE, CARBONIC ACID AND

BICARBONATE/GARBONIG ACID CONGENTRATIONS (MEAN) OF
o) AND HEALTHY

FULL-TERM NORMAL INFANTS ( o
LOW BIRTH WEIGHT INFANTS (A-:-4--—‘A)..

O

Th_e \sc'allel is ,':edticed after 18‘rhoufs.
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PLASMA ELECTROLYTE STATUS

.RESULTS:

The number of infants studied in this group are 11,
Their results are expréssed as mean, standard deviation,
range and number of determinations in Table 19, TFig.8
demonstrates graphically the behaviour of their mean
concentrations,

Plasma Potassium: The mean concentration of plasma

‘potassium at birth is significantly higher (t = 2,96, P £ 0,01)
than that of the normal groups The values are within the normal
adult range after four hours of age,

Plasma Sodium: The mean concentration of plasma sodium

is higher than that of the normal group between two to 18
hours after birth and is lower thereafter, The values remain
within the normal adult range throughout the period of
observation.

Plasma Chloride: The mean concentratioﬁ of plasma chloride
is found to be higher than that of the normal group except at 18
hours of age,.

Plasma Calcium: The pattern of plasma calcium is similar
to that of the normal group and the mean concentrations are
slightly lower except at two hours after birth,

Plasma Magnesium: The mean concentration of plasma

megnesium is lower than that of the normal group except at 72

hours, The values are significantly lower at four hours:@ -



B ]
(e
<>

(t = 2,13, P< 0.05) and at eight hours‘(t = 2,78, P < 0,02)
respectively. The mean concentrations are less than the lower
limits of the nermal adult range throughout the period of
observation, |

Plasma Inorganic Phosphorus: The concentration of plasma

inorganic phosphorus is lower than that of the normal group
from two to 48 hours after birth., Significant decrease

(t = 2.22, P < 0,05) in the concentration is found at 18 hours
of age; The highest value of inorganic phosphorus coincides
with the lowest concentration of plasma calcium at 72 hours.

Flasma Total Protein: The mean total protein

concentration is lowér than that of the normal group thropghout
the whole ﬁeriod but does not show significant difference.

Blood Urea: The mean blood urea concentration is lower
upto 48 hours as compared to that of the normal group. However,
the difference is significant at four hours (t = 2,06,P< 0,05)
and at eight hours of age (t = 2,06, P < 0,05). The maximum
rise after birth émounts to 120 per cent in this group as
compared to 69 per cent in the normal group.

Representative data from the literature on the electrolyte
status during the early neonatal period are summarized in
Table 19-4.

Jukarainen (1971) ecarried out a study of plasma calcium,
magnesium and phosphorus in 44 infants of low birth weight
during the first five days of life. The mean calcium
concentration fell from the initial velue of 8.8 mg./100 ml.
to Te4 mg./100 ml. 2t 44 hours after birth, The mean magnesium
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showed a rising tendency towards the end of the observatione
The maximum value was 2,32 mg./100 ml, at 82 hours which was
14 per cent higher than the lowest value of 2,01 mg,/100 ml,
at the age of six hours, The mean phosphorus showed a
marked initial fall from 7.6 to 6.1 mg./100 ml, immediately
after birth, Then the phosphorus concentration rose to a

maximum value o0f 7.6 mg./100 ml, at 44 hours.




| )
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DISCUSSION® }

The initially higher plasma potassium level shows a
continuous fall more pronounced during the first four postnatal
hours of life, and the fall is associated with a simultaneous
increase in the plasma sodium concentration, These reciprocal
changes in the potassium and sodium concentrations could be
due to an improvement in the acidosis, The plasma potassium
and sodium concentrations do not show much variation thereafter
to comment upon, The mean concentrations of plasma magnesium
and inorganic phosphorus are lower than those of the normal
group upto 24 hours of age. Thenloﬁ'trends of the above
minerals could be on account of intra-uterine malnutrition
which is thought to cause low birth weight., The subsequent
rise in the plasma magnesium and phosphorus concentrations
seen after 24 hours is due to tissue breakdown. The similar
rise observed in the urea concentration (120 per cent) is
indicative of a relatively poor renal function and an
increased tissue breakdown occurring in these infants as

compared to that of the normal group.
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" PIGURE 8.

PLASMA - POTASSTIUM, SODIUM, CHLOBIDE, GALGIUM, MAGNESIUM,
INORGANIC PHOSPHORUS, TOTAL PROTEIN AND BLOOD UREA
COWCENTRATIONS (MEAN) OF FULL~TERM NORMAL INEANTS

(o s) AND HEALTHY LOW BIRTH WEIGHT INFAHTS
e

The scale is reduced after 18 hours, .
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FLASMA PROTEIN FRAcmxomg

RESULTS ¢

In the p:esent group, the electrophoretic separation of
plasma protein is carried out for a period of 96 hours after
birth in 11 infants and their mothers at delivery. The results
are expressed as mean, standard deviation, range and number of
determinations in Table 20,

Plasma Albumin: The mean concentration of plasma albumin
is below the normal adult range and is significantly lower than
that of the normal group at zero, two, four, eight, 12, 18 and
24 hours after birth (P < 0,01, < 0,01, < 0,02, < 0.02, < 0,01,
< 0.01 and < 0,02 respectively). However, the concentration
dees not show much variation during the whole period. The
maternal plasma albumin concentration is much lower than'that
of the infant at birth.

Flasma Alpha,, Alpha2 and Beta: The mean concentration of

these glcbulin fractions are higher than those of the normal
group, A significant increase (t = 2.04, P< 0,05) in the |
alpha, fraction is found at 24 hours of age. ’

Plasma Gamma Globulin: The mean concentration of plaéma
gamma globulin is 1.55 g./100 ml, at birth which gradually
falls to 1.28 g./100 ml. at 96 hours, The fall is 17 per cent.

The concentrations of the infants' globulin fractions are

much lower than those of the mother.
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DISCUSSION:

The significant lower concentration of albumin at birth
and thereafter as compared to that of the normal could be due
to a diminished synthesis of albumin probably on account of
an intra-uterine growth retardation resulting in functional
immaturity of the liver, No explanation could be put forth
for a significant rise in alpha1 concentration at 24 hours as
compared to that in the normal group. The 23 per cent fall in
beta globulin concentration occurring at 18 hours coumld be on
account of the fluid shift. The concentrations of gamma
globulins of this group at birth and subsequently are comparable
to those of the normal group, This reflects an adequacy of the
placental transfer of maternal gamma globulins in the low birth
weight neonate delivered at term in contrast to the pre~term

(premature) infant.
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INFANTS WITH MATERNAL TOXAEMIA

(i) Infants delivered by difficult obstetrie procedures.
(ii) Low birth weight infants.
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ACID=-BASE STATUS

Toxaemias of pregnancy claim a heavy toil of foetal lives
and contributes in large measure to maternal morbidify and
mortality.

RESULTS (i)
This group includes three infants, The results of

acid~base parameters are expressed as mean, range and number .
in Table 214 Tige9 demonstrates their mean changes graphically.

pH: The mean pH value of 7,14 at birth is ;ery much lower
than that of the similar group without maternal toxaemia, The
pH attains the lower limits of the normal adult range at 18
hours and remains between 7.40 to T.42 from 24 to 72 hours of
age.

p002= “The mean concentration is found much higher at
birthT;;E lower between two to 18 hours than that of similar
group without maternal toxaemia,

BE, Standard HCO3 and Actual H003= The mean concentrations

of these parameters are lower than those of the similar group
without maternal-toxaemia from birth to 18 hours and little
higher afterwards,

HZCO3: It follows a trend similar to that of pcoz.

HCOE/HZGOQS The ratio is 1142 at birth, which is about
56 per cent of the normal., It rises gradually and attains the

" normal value at 24 hours of age,



RESULTS (ii):

The number of infants studied in this group is four, The
results are expressed as mean, range and number gf
determinations in Table 21=A, Their mean concentrations are
graphically demonstrated in Fig.1d,

pH: The mean pH value at birth is 7.27 and attains the
Jower limits of the normal adult range at 12 hours, The values
are lower than those of the corresponding group without maternal
toxaemia at two, four, eight, 72 and 96 hours after birth.

p002: ‘The mean pCO2 values ére lower than those of the

similar group without maternal toxaemia upto 72 hours, more
marked from eight to 24 hours. ,
BE, Standard HC®3 and Actual HCOS: The mean concentrations

of these parameters show a marked decrease than those of the
corresponding group without maternal toxaemia upto 72 hours of
agea

Hzcoz: It shows a trend similar to that of pCO,.

HCOQ/HQGOE: The behaviour is similar to that of the

corresponding group without toxaemia,
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DISCUSSION:

Infants in both the groups show non-respiratory acidosis
from birth onwards till 12 to 18 hours except for the initial
respiratory acidosis seen in the infants delivered by difficult
obstetric prdcedures. This non-respiratory acidosis could be
on account of a more severe type of hypoxia causing an
increased glycolysis leading to a greater‘degree of
lactacidosis, It is possible that such a situation could
occur due to placental insufficiency in maternal toxaemia
(Holman and Lipsitz, 1966). The compensatory hyperventilation
seems to be responsible for the respiratory basosis observed
during the period of 72 hours in the low birth weight group.
The relatively higher degree of compensatory hyperventilation
found in this group is on account of poor semsibilization of -
the'respiratory centre which is also observed in the

corresponding non-toxaemic groupe
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FIGUBE 9,

BLOOD pH,, P00, BASE EXCESS, STANDARD BICARBONATE, ACTUAL
BICARBONATE, CARBONIC. AGID AND BIGARBONAE!.‘E/GARBONIC ACID
CONCENTRATIONS (MEAN) OF mmms DELIVERED" BY DIFFICULT

OBSTETRIG PROCEDURES (v-.. ~ — W) AND INFANTS DELIVERED
BY DIFFIOULT _OBSTE"‘RIC PROGEDURES WITH MATERNAL
TOXAEMIA (V_.....,...v).

The scale is reduced after 18 hours. |
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* FIGURE 10,

BLOOD pH, p002,~BASE'EiCESS, STANDARD BICARBONATE,
ACTUAL“BIcﬁasoxng,chRBonic Acip AND‘>¥ﬁ |
BIGARBONATE/CARBONIC ACTD CONCENTRATIONS (MEAN) OF .
HEALTHY LOW BIRTH WELGHT INFANTS .(A—-—"""A\) AND -
LOW BIRTH WEIGH? INFANTS WITH MATERNAL TOXAEMIA -
(A=), | o

The scalé is rgd&ced éfter 18 hours.

.
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PLASMA ELECTROLYTE STATUS

RESULTS (i):

The electrolyte parameters are studied in three infants
during 96 hours after birth., The results are expressed as
mean, range and number in Table 22, The behaviour of the
mean concentrations of these parameters is shown graphically
in Fig.1%.

FPlasma Potagsium: vThe iean concentrations of plasma
potassium are higher than that of the normal adult range upto
72 hours and do not show much deviation from those of the
similar group without maternal toxaemias, A gradual fall to
the extent of 25 per cent is seen during the period of studye.

Plasma Sodium and Chloride: The mean concentrations of

plasma sodium are lower except at 24 hour, while the mean
concentrations of plasma chloride are higher except upto two
hours as compared to the similar group without maternal
toxaemia,

Plasma Calcium: The trend of mean concentration of plasma
calecium is similar to that of the corresponding group without
maternal toxaemia,

Plagma Magnesiums The level of mean concentration of
plasma magnesium is found highest in this group as compared
to other groups in the present study.

Flasma Inorganic Phosphorus: The mean concentration of

plasma inorganic phosphorus is much lower throughout the
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period of observation than that of the similar group without
maternal toxaemia., The minimum concentration of 4,16 mg./100 ml.
at four hour shows a rise of 25 per cent at 48 hours,

Plasma Total Protein: The mean total protein concentratio
is lower than that of the similar group without maternal
toxaemiao

Blood Urea: The mean blood urea concentration is higher
than that of the similar grou@ without maternal toxaemia upto
48 hours, The mean value of 43,0 mg./100 ml, at 48 hours
indicates a rise of 79 per cent as compared to the concentration
of 24,0 mg,/100 ml, at birth., The magnitude of rise observed
in the blood urea concentration in both the groups is nearly
same,

RESULTS (ii):

The number of infants studied in this group is four. The
results are expressed as mean, range and number in Table 22-4,
Fig.12 demonstrates the behaviour of their mean concentrations
graphically.

Plasma Potassium: The mean concentrations of plasma
potassium are higher than that: of the normal adult range upto
12 hours and do not show much variation from those of the
corresponding group without maternal toxaemia., A gradual fall
to the extent of 24 per cent is seen during the study.

Flasma Sodium: The mean concentrations of plasma sodium
are lower than those of the similar group except at birth, 48

and 72 hours.
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Plasma Chloride: The mean concentrations are much lower
than those of the corresponding group without maternal -
toxaemia throughout the period of observation.

Plasma Calcium: The mean concentration of plasma calcium
is lower than the corresponding group without maternal
toxaemia upto 48 hours, but the values are within the normal
adult range. The fall in plasma calcium is not marked in
this group except at two hours.

‘g;asma Magnesium: The level of plasma magnesium is much

higher throughout the period of 96 hours as compared t0 the
similar group without maternmal toxaemia,

Plasma Inorganic Phosphorus: The mean concentration of
inorganic phosphorus is 3.55 mg@}100 mle at birth and shows a
rise of 74 per cent at 48 hours as compared to 25 per cent
seen in the corresponding group without maternal toxaemia.

Plasma Total Protein: The mean total protein values are

lower than those of the similar group without matermal
toxaemia.

Blood Urea: The mean concentrations of blood urea are
higher, the change being more marked after 24 hours as
compared to that of the corresponding group without maternal
toxaemia, The mean value of 12,0 mg;/100 mle at birth shows
a rise of 314 per cent at 96 hours,

Representative data from the literature on the
electrolyte status during the early neonatal period are

sunmarized in Table 22-B.
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Jukarainen (1971) studied the behaviour of plasma calcium,
magnesium and phosphorus in 10 low birth weight infants of
toxaemic mothers during the first five days of life. ;nitially,
plasma calcium remained at a high level of 9.4 mg./100 ml. upto
12 hours, subsequently fell at 60 hours to the lowest value of
7.8 mge/100 ml, The fall of calecium was not very marked in
this group. The mean concentration of plasma magnesium was
lower than that of the corresponding group without maternal
toxaemia (Table 19-4). Plasma phosphorus showed a marked fall
initially at two hours, thereafter the level rose to the

- highest value at 36 hours with an increase of 46 per cent.



DISCUSSION:s

The plasma potassium values in both the groups do not
show much deviation from those of the corresponding
non-toxaemic groups. During délivery, toxaemic mothers are
usually given parenteral fluids which are passively transferred
to the infant. This would lead to haemodilution which may
account for low plasma sodium concentrations seen in the
infants having maternal toxaemia (Holman and Lipsitz, 1966).
The low plasma chloride concentrations seen in the low birth
weight group also appear to be related to the haemodilution.
The initial sharp fall seen in plasma caleium concentration in
the low birth weight infants with maternal toxaemia may be due
to a corresponding fall in the pH (acidosis). Higher plasma
magnesium concentrations seen in the infants of the present
group could be due to either administration of magnesium

therapy to the mothers of these infants or a greater degree of
acidosis and tissue breakdown., Magnesium therapy was given
only to the mother of infant T 3 before delivery. However, the
other infants also showed higher concentrations of magnesium,
Thus increased tissue breakdown and acidosis appear to be
responsible for this change., Increased tissue breakdown would
also account for the higher concentrations of blood urea.

The low total protein concentration of the infants of the
toxaemic groups could probably be due to a reduction in the
transfer of gamma globulin fraction occurring as a result of

rlacental insufficiency,
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A ' FIGURE 12,

PLASMA POTASSIUM, SOZDIUM, CHLORIDE, CALCIUM, MAGNESTUM,
INORGANIC PHOSPHORUS, TOTAL PROTEIN AND BLOOD UREA
CONCENTRATIONS (MEAN) OF HEALTHY LOW BIRTH WEIGHT
INFANTS (Am-'-‘-"*A) AND LOW BIRTH WEIGHT INFANTS
WITH MATERNAL mommm (oA,

" e

The'scale,i's reduced after 18 hours,
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GENERAL COMMENTS

4As birth invelves certain amount of trauma, a baby is
born with some degree of hypoxia, Hypoxia leads to an
increase in the H-ion concentration and pdée while a decrease
is seen in BE and standard HCO3 cogcentrations. Adaptation
and recovery mechanisms of the neonate are much faster as
compared to an older child or an adult so that the biochemical\
picture is normalized earlier. It depends on the mode of
delivery and intra-uterine conditions during the foetal age.
A1l the infants in the present study show a diéturbed acid~-
base balance at birth, Most of them exhibit a non~respiratory
acidosis, however, a few infants show either combined or
respiratory acidosiss The respiratory component is removed
much earlier in the normal infants, while the infants
delivered by diffiecult obStetric procedures and premature
infants take somewhat longer time to attain the normal
respiratory balance, The acidosis at birth calls forth the
cdmpensatory mechanism of hyperventilation which is seen in
all the groups of infants except in the premature, It appears
from the results of the present series that the sensitivity of
the respiratory centre to stimulation is poor in the premature
infants, Hence, the compensatory hyperventilation seems to be
deficient which is depicted in the form of a lowered incidence
of respiratory basosis in this group. The/compensatory

hyperventilatory response is adequate in the normal infants to
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bring about acid-base homeostasis in the maximum number of
infants (63 per cent) by 24 hours., However, the ‘
hyperventilation continues further in the normal neonate
because of the slow sensibilization of the respiratory centre
resulting in the development of respiratory basosis in about
25 per cent pf the infants, The progress of acid-base status
in the infants of difficult delivery and low birth weight
groups shows a divergence from the pattern found in the normal
infants, A relatively much poor semsibilization .of the
respirato;y centre is seen in these infants thus resulting in
an increased incidence of respiratory basosis, more marked in
the low birth weight infants, The incidence of respiratory
basosis is further aggravated in the infants of toxaem;e
mothers., A greater degree of non-respiratory acidosis seen in
the premature infants after 24 hours is due to an increased.
tissue catabolism and diminished renal function, |

The severity of the hypoxia and acidosis, the degree of
stress and trauma of birth and the adrenocortical activity in
response to stimulation are the major factors which seem to
influence the behaviour of the electrolyte status during the
neonatal period, The most striking changes are observed in
the plasma potassium, sodivm, chloride, magnesium, inorganic‘
phosphorus and urea concentrations, The normal neonate |
undergoes some dggree of hypoxia at birth as evidenced by the
changeg in the acid~base status, This results in an initially

higher plasma potassium concentration during the early



post-natal hours, The changes in the plasma calcium and
inorganic phosphorus concentrations are suggestive of
parathyroid deficiency. Response po thyrocalcitonin release
and bone mineralization: also play an important role in these
alterations, The normal neonate exhibits the changes in. the
foﬁm of late rise in the urea and inorganic phosphorus
concentrations which are suggestive of an impaired renal
funetion and occurrence of tissue breakdown. The magnitude
and extent of these changes in the plasma electrolytes are
higher in the abnormally born infants, The infant of
difficult delivéry group has higher concentrations of
potassium and inorganic phosphorus due to an increased degree
of acidosis at birth, It undergoes a more traumic Eirth, the
stress of which stimwlates the A,C.T.H. secretion. This
endogenously released A.C.T.H., produces an altered response
of the adrenocortical steroids, which is responsible for the
changes seen in the plasma sodium and chloride levels. The
low birth weight infant is faced with intra~uterine growth
retardation which is menifested in the form of lower
concentrations of minerals like magnesium and phosphorus, The
degree and extent of tissue cataboliaﬁ and impairment of
renal function are more in the iow birth weight infant, The
pre~term birth is'a special problem by itself, The above
changeé of tissue breakdown and renal function are further
aggravated in the premature infant,- ﬁhe infant of toxaemic

mother is somewhat more acidotic as compared to the
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corresponding non-toxaemic neonate, The placental
insufficiency in maternal toxaemia is responsible for this
change which also brings about a higher magnitude of tissue
breakdown thus accounting for the higher concentrations of
plasma magnesium, blood urea and inorganic phosphorus
observed in this group. ‘

Synthesis of albumin by the liver during intra-uterine
development of the full-term normal infant appears to be
comparable to that of an adult, while it is seen to be
affected by the growth retardation. Liver of the premature
infant performs this function at a significently lowered rate.
A parallelism is observed in the normal placental transfer of
gamma globulin in the full=term and low birth weight infants,
while the peak value of the same is not attained in the
premature neonate, Therefore, the concentration of gamma
globulin can serve as a biochemical yardstick for the
differentiation between the low birth weight and premature
infant, PFlacental insufficiency is responsible for the low
concentration of gamma globulin in the infants delivered with

maternal toxaemia,



